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MATEMATHKA 


M. Ul. BHPMAH 


O BOSMYLUEHHHW CHEKTPA CHHIYJIAPHOLO IJWIMNTHYECKOLFO 
ONEPATOPA TIPH H3MEHEHHH FPAHHILbI WH PTPAHHUHbIX 
YCJIOBUK 


(ITpedcmasaeno axademuxom B. H. Cmuupnoeoim 4 XI 1960) 


Bompoc, KOTOpoMy MocBAWIeHa HaCTOAUaA 3aMeTKAa, HCCeoOBasICA pa3- 
JIMYHbBIMH MeTogamu (-%). B uactHocTH, B paOote (*) AA HeKOTOPbIX KaCcOB 
MOJIYOrPpaHH4eHHbIX CHHIYJIAPHBIX KPaeBbIX 3afa4 BTOPoro NopsAyKa OGplio0 
MOKa3aHO, 4TO peryJIAPHble H3MeCHEHHA TpaHHUbl H TpaHHYHbIX YCJIOBHi BHE 
OKPeCTHOCTH OCOOEIX TOYeK 3a,auUH COOTBETCTBYIOT BIIOJIHe HeMpepbIBHbIM BO3- 
MYleHHAM OOpaTHoro onepatopa. Orcioza Hu 43 TeopemMb! Bein 0 BosIHe Hempe- 
PbIBHBIX BOSMYILCEHHAX CaMOCOMpPAxKeHHOrO OMepaTopa HeMocpeCTBeHHO BBbI- 
TeKaJla HEH3MCHHOCTb CneKTpa CryuleHHA * 3afauu B TAKHX Cuy4aax. B ocHoBe 
HCNOJIb3OBaHHOrO B (*) MeTOMa MEKAIH HEKOTOPHIe pe3y/bTAaTLI ABTOPa MO TeO- 
pH paciiMpeHu nosyorpaHuyeHHbIX omepaTopos (°,°). Mcnomb3yA ToT Ke Me- 
TOA, Mbl YTOUHAeM 3eCb pesybTaTbI padoTnl (7) B CeMYIOULHX HanpaBJeHUAx: 
a) CHHM@IOTCA yKa3aHHble B (*) OrpaHHYeHHA Ha pocT KosPpuHWHeHToB Lud- 
(bepeHUHaJIbHOrO BbIPaKeHHA B OKPECTHOCTH OCOOOH TOUKH 3azauH; 6) oleHH- 
BaeTCA CKOPOCTb YObIBAHHA COOCTBEHHbIX 3HAYCHHM Pa3sHOCTH OOpaTHBIX onepa- 
TOPOB; B) MOJIYYeHEI AHAIOFHYHBIe OWCHKH [JIA PaSHOCTH IWeJIbIX CTemMeHel 06- 
paTHbIX onmepaTopoB. B uacTHOCTH, yCTaHOBJIeHO, YTO Pa3HOCTb JocTaTOYUHO: 
BbICOKHX CTemeHeH OOpaTHBIX OMepaTOPpOB HMeeT KOHEYHbIH AOCOJIOTHBIM Cuien. 
TloceqHHi pe3yJIbTaT MO3BOIAeT HCTOIb30BaTb Teopemy Po3seHOsioMa — Kato 
((7-*), cm. Takxe (1°,21)) o coxpaHeHHH C TOUHOCTbIO JO YHUTAapHOM ZKBUBaJIeHT- 
HOCTH aOcoIOTHO HeMpepbIBHOH YaCTH CAMOCONPHAXKEHHOPO ONepaTopa pH BO3- 
MYICHHH onepaTOpoM C KOHeUHbIM aOcOJIOTHBIM cylefom **. Takum oOpasom, 
B pale ClyyaeB H3MeHeHHe PpaHHUb! H PTPaHHYHIX YCJIOBHM OCTABJIA€T HEH3MeH- 
HOM (C TOUHOCTHIO LO YHHTAPHOM IKBHBAJIEHTHOCTH) aOCOJIOTHO HelpepbIBHYIO- 
yacTb oflepaTopa rpaHH4uHon 3ayagH. Hwxe MbI JIA onpeyesieHHOCTH lIpHBe- 
JCM COOTBETCTBYIONULHe pe3yJIbTaTHI JIA QJVIMNTHYeCKOrO OMepaTopa BTOporo 
TlopsKa BO BHeIIHOCTH OrpaHHyeHHOH oOacTH. 

B m-MepHOoM 2BKJIHJOBOM MpocTpaHcTBe E,, (m>>2) paccMoTpHM caMo- 
CONPSKeHHOe BIIHNTHYeCKOe WuddepeHiMasbHoe BEIPAaKeHHe 


M m 


Lu = — 2) asa (a) oe +c(x)u. (1) 


Kosppuunextsl a,; (x) HenpepbiBHO yuddepenuupyembl, PyHKUNA C(x) > | 
H3MepHMa HM OrpaHnyeHa B wt0GOm tape. Ilyctb 2—BuHeliHOCTb orpaHH- 
yeHHOH oOOsacTu B E,, C KYCOUHO [BaxKbl HelpepbiBHO uddepenuupyemon 
(B cmpicsie C. JI. Co6onepa (1”)) rpanunel P. Copnanenne Q c E, He HCKIIO- 
yaetca. Ilyctb Ha uactw T, rpanuup [ 3aqana orpannueHHad M3MepHMasx 
cbyHKuuaA o(x). B mpoctpanctse L,(2) BBeqem B paccMoTpeHHe Nlosyorpa- 


* B cnextp crymennsa (*) camocompsxkenHoro OnepaTopa BXOAAT TOUKH HenmpepbiIBHOTO 
cnekTpa WH COOcTBeHHBIe 3HayeHHA OecKOHeuHOH KpaTHOCTH. 
** TounHple onpeseieHit H (OpMy/IMpOBKH cM., HampHMep, (8) Han (1°). 
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HHYeHHY!O KBaypaTHysy1o POpMy 


m 


| (ange ge bela) dr+\ ol ult ds, (2) 


Q Lie f=1 I. 


NOJIYYeHHY!IO 3aMbIKaHHeM (**) C HepBOHadaJIbHOrO MHOXeCTBA HEIpepbIBHO 
mupepeHunpyemblx MyHKUMH, QPHHHTHBIX B OKPeCTHOCTH Oe€CKOHeEYHOCTH Hi 
nopepxHoctu I'y=I'—T,. Mopma (2) nopoxgaet B L,(Q) nomyorpaHnuen- 
HbIM CaMOCONpAxKeHHbIM ONepaTop S. OToT onepaTop 3afaetca Audhepenun- 
aJIbHbIM BbIpaxkeHveM (1) Ha PYHKUHAX, YOBNeETBOPAIOMINX B ONpeleseHHOM 
cmpicuie (1°, 14) rpaHHUHbIM ycJIOBHAM 


Ou 
u a oy tae in (3) 
Syecb Ou/Ov—KOHOpMasbHad MpousBoyqnan. He orpannunpasa o6mHocTH, 
OyfeM CUHTaTb ONepatop S MoNOKNTeAbHO-ONpeeseHHEM *. 

Ilyctb S; u Sg—gpa onepaTtopa yka3aHHOrO THNa, NopoxKeHHbIe Luh- 
(PepeHUMaJIbHbIM BbIpaxkeHHem (1) B OHOH HM TOH we OOnacTH Q (cayyan 
Y=, unu P=T, ne uckatouatwrca). 

Teopema 1. Onepamop S;'— S;, 
6eHnNole BsHaYeHuUA hy, UmMeIOM OUeHKY 


* enoane HenpepoleeH wu eeo coocm- 


ow i Ciba (4) 


Ecau eparuya TV dead nenpepoieno Ougdepenyupyema, mo oyenka (4) 
Moocem OblMb 3AMeNeHA OUeHKOL 


| An|< Cnn), , (5) 


SamMeuwauHuHe. OuenKa (5) He MoxKeT ObITb yayulleHa. Ona jocTuraet- 
CA, HallpHMep, pH cpaBHeHHH safayu JIupuxne u Helimana Ana onepatopa 
Jlannaca B wape. MoxHO jlyMaTb, 4YTO HM B Cayyae KyCOUHO-rnapKOH rpa- 
HHIbI OWeHKYy (4) yacTcA 3aMeHHTb OWeHKOH (5). 

AHaJIOrHUHbIM = pe3yJibTaT MMeeT MeCTO H IPH H3MCHEHHH rpaHullbl. Oue- 
BHHO, JocTaTOuHO paccmoTpeTb cuyyaH [Ty =T. Ilyctb T ectb optoroHasb- 
Hawa cyMMa B L,(Em) omepaTopoB NepBoH KpaeBol 3afauH fA uddhepen- 
UHaJIbHOrO BbIpaxkKeHHA (1) B 2 nu B E,—®. PaccmMoTpHM Ba TakuHe ome- 
patopa 7, 4 T,, COOTBeTCTBYIOWHe pa3IHUHbIM OONacTAM 2. 

Teopema 2. Ymeepscdenua meopemot 1 ocmatmca 6 cure NpU 3aMmeHe 
onepamopa S;'— Sj onepamopom Tz'— T;". 

OtmeTHM, 4TO TeopempbI 1 H 2 cHpaBefJIMBbl H JIA HEKOTOPbIX THIOB 3a- 
au c OecKOHeYHOH FpaHHuelH, a TakwKe B CyYae TpaHWYHbIX yCsOBUH, OT- 
JIMUHDIX OT ycOBHH (3). Mpr He Gyyqem 3yeCcb Ha 93TOM OCTAHAaBJIHBaTbCA. 

YoKe Neppanh uacTb Teopem | u 2 rapanTupyeT copmayeHve crieKTpoB 
CryW[eHHA pa3JIHUHbIX ONepaTopos S u JT, MopoxKJeHHbIX OMHHM H TeM 2Ke 
AudepenwnatbHbIM BbIpaKenvemM. B cnyyae m=2 BTopanh yacTb TeopeM 


1 u 2 rapanTupyer KoHeuHOCTh aOcomoTHOrO cneqa onepatopos S;*— S;* 


u T;'—Ty". Orcioya HenocpescTBeHHO BbiTeKaeT: 

Teopema 3. B cayuae m= 2 usmenexue Osancdvl HenpepwieHo Ougdqe- 
PeHYUpyemol epanuYol UAU epaAHUUHOlX YCACeUU Buda (3) COoxpaHsAem C mo4- 
Hocmb10 OO yHUMAapHoOli aKeuUeaNeHMHOCMU aOCOAKOMHO Henpepolenyo “acme 
onepamopa coomeemcmeyroweli epanuunot sadauu. 

B cayyae m>2 ananor TeopemMbl 3 MoxeT ObITh NOJITyyeH Ha OCHOBAHHH 
clefyroulero OOo0OuleHHA OLeHKH (4). 


* QTorO MOXKHO OGHTECA, IpHOaBIAA K c (x) MOCTATOUHO GObIyIO MOCTOAHHYW. 
762 


Teopema 4. Ecau kos@@uyuenmol a;; (x) u c(x) umerom 6 HeKomopoli 
oKpecmxocmu epanuyol TI coomeemcmeexHo 2k—1 u 2k—2 nHenpepolenoix 


NpOuseoOHbIX, Mo CoOcmeeHNele BHAUeHULA Onepamopoe Sz," — may yes leg: 
(k=1, 2,...) yOosremeopstom oyenKe 


| Xe | se Chal. 


TlocmeqHaAaA OWeHKa IpHBOAHT K Cyefyrolleli Teopeme: 

Teopema 5. B ycaogunx meopemn 4 npu 2k > m u3amenenue epaxuuol 
UAU epanudnelx ycaoeut euda (3) coxpansem c mounKocmbro Oo yHumMapHoti aKeu- 
eaneHmHocmu aAOCcOAOMHO HenpepbigHyfoO “acMb Onepamopa coomeemcmeyroujeti 
epanurnot 3adaiu. 

3aMeTHM, 4TO B YCJIOBHAX TeopeMbI 5 rpaHuita [ MoxeT ObITb KYCOUHO-Tual- 
KoH. Ilostomy B c’lyuae m = 2 Teopema 5 He BbITeKaeT H3 TeopembI 3. B To xe 
BPeMA B TeOpeMe O TpeOyeTCaA AONOIHUTEIbHAA PaqKOCTb KoadpuHenTos. B of- 
HOM BaKHOM 4acTHOM CJlydae yaeTCA H30aBHTbCA OT 3TOrO orpaHHueHHaA. 

Teopema da. B caywae m=3 ymeepocdenue meopemot 5 ocmaemca 
cnpasedAuéoim Ors onepamopa Il peduneepa — Au + ¢ (x)u, ecau c(x) > 1— 
usmMepuman (YHKYUA, Oepanudennad 6 Kascdom wwape. 

Teopema 5a BbiITeKaeT H3 TeopeMbI 5 H NPHBOAHMOli HWKe TeopeMpl 6, 1103- 
BOJIAIOMeH OMCHHTb BJIHAHHE MOKAIbHOrO H3Me€HEHHA KOddDHILMeHTOB. 


Teopema 6. JIycme S u S—onepamopot 6 L,(Q), noposxcdennoie Oey- 
MA pashudnolmu Ougdd@epenyuaronolmu 6olpaxcenuamu Lu u Lu euda (1) npu 
OOHOM U MOM 9KE epaHu4HOM yYCAoeuu Buda (3). Ecau Koappuyuenmet pre 


pamopos gu u Yu coenadarwm ene xekomopozo wapa, mo onepamop S 
—S™ 6noane HenpepeleeH u e20 COOCMb6eHHDIE BHAYEHUA UMeIOM OUeHKY (4). 


Ecau kpome mozo a;; (x) = a; (x) ecrody @ 2, mo co6cmeenHole 3Ha4LeNUA 
onepamopa S+—S™ umetom oyenky 


| Ma | <Cn-alm, 


B cnygae m=3 mocneqHaa OWeHKa rapaHTHpyeT KOHEYHOCTE a6co0T- 
Horo cylefqa onepatopa S+—S't. 


JleHHHrpawcKHH rocyapcTBeHHEI yHHBepcHTerT Tlocrynuso 
um. A. A. )KqaHoBa 2 XI 1960 
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MATEMATHKA 


YW. B. TEJIBMAH 


Ob IKBHBAJIEHTHOCTH HEKOTOPbIX HEOrFPAHHYUEHHbIX 
OMEPATOPOB B BAHAXOBOM TIPOCTPAHCTBE 


(ITpedcmaeneno arademuxom B. H. Cmupxoeom 9 XI 1960) 


Ilyctp L—smHehupli HeorpaHHueHHbI ofepaTop, eHcTByiomlHi B Oa- 
HaXOBOM MpoctTpaHcTBe X c oOsacTbIO ompefenenua D(L) uv 3aMKHyTOH 06- 
jlacTbio 3HaveHHh R(L), oOnamatouynh cmelyioulHMH CBOMCTBaMH: 

(oe) 


1) R(L)D I] Di. 

k=1 

2) Tlognpoctpauctso X, peweHHH ypaBHeaua Lx = 0 uMeeT KOHeUHYIO 
pa3MepHocTb n> 0. 

3) Orpannuen onepatop Ly‘, onpefensembli cu1exyioulum o6pasom. ITycrp. 
fo, fu --+>fa—-1— HeKOTOpand cCHCTeMa JIMHeHHO He3aBHCHMBIX 93JIEMeHTOB 
nogpoctpauctsa X, Hu X,—3aMblkaHHe 110 Hope || x ||, = || x || + || Lx || 06- 
nactu D(L). Tycrp, fanee, @), Gi,---; Pn—1 —CHCTeMa JIMHEHHBIX orpa- 
HHYeHHBIX (PYHKWHOHANOB Hal MpocTpaHcTBoM X,, OvoOpToroHasibHanA K Oa- 
3ucy fy, fi,--->» fa—1- Torga as mo0oro y€R(L) cyulectByer efHHCTBeH- 
Hb amement x€@D(L) taxon, ato Lx = y, g;(x) =0 (s=0, 1,..., n—1). 
Met monaraem x = Ly 'y. 

4) [na speakoro a (0O<(a< 1) MowkHO yKa3aTb TakHe KOHCcTaHTEI C > 0 


Hor (Vesper 1) aro 


So yt let gee 
as < G =, 
> Se ia ee 


KaKOBO Obl HH ObWIO Weoe MooKUTeMbHOe k (Lo = (Lo")"). 

OG6o3HauuM Yepes R Kaacc oMepaTopoB, oO6NaaiwoulHX ykKa3aHHbIMH 
CBOHCTBAMH (JIA pa3HbIX OMepaTOPOB YHCIIO N MOXKeT ObITb Pa3HbIM). 

B HacTosieH 3aMeTKe yCTaHaBJIMBaeTCHA, 4TO Bce ONepaTopb Ksacca R, 
JWI} KOTOPBIX pa3MepHOCTh osupocTpauctBa X, OHA H Ta xe, IKBHBAa- 
JIGHTHBI B HEKOTOPOM CMBICJIe, pasbACHACMOM HHKe (cM. I. 3). Orcioqa, B 
YaCTHOCTH, BbITeKalOT H3BeCTHbIe pe3sysbTaTH! M. K. are (+) u IO. H. Ba- 
JIMILKOrO (*?), pacCMaTPHBaBIIHX MOMOOHbIC BOMPOCHI AIA OObIKHOBeHHbIX JHdp- 
(bepeHUMabHbIX WH HHTerpo-AudpepenivatbHBIX ONepaTopos. TI pumMensemprit 
HaMM MeTOJL ABJIAeTCH aAOCTPaKTHBIM aHaJIOrOM MeTOJa, pa3sBuToro B (1). Mc- 
NOIb3yeTcH ynoTpeOmsemasa B (1,2) TepMHHoorua (L-6a3uc, L-ananuTuy- 
HOCTh MT. - Jl). 

1. Hasopem L-GasvucoM nocmeqOBaTeJIbHOCTb 3JIEMCHTOB 


ie fee Ao eee (1) 
a CTpOHTCH CeLyIOuLHM Mareen Ilepppie ee nm unenos fy; fi,--- 
» In—1 — 3TO Re BbIOpaHHble B MOMMpocrpaucTBe X, pH mocTpo- 


eCHHH OnepaTopa Ly, ocTanbHbIe ONpesenAIOTCA PpeKyppeHTHO 110 dopMyse 


fra opel ae Ot en eee ae (2) 
764 


_ OuepuyHo, ; 
1 mnpw m=gqn-+r; 
f By lp | P 3 
oe \O np m-gn-+r 6) 


(Ce men 2, «oe fs 0, 1 gt Th 
i Teopema 1. Ilycmo Oaa 4ucaceoti nocaedosamerbHocmu {Am} (m= 
| =0, |, 2,...) @oinoznstomca HepaseHcmeéa 
b qn--r 
PRED rere 
L207 UM F, I 
eee bea OR Le, 2. ok te ON, 2 4d, 1). (4) 


' Toeda: a) psd 


Gato i afi - Q Deo - Amt m = ei 26 (5) 


cxodumca abcoaomxHo; 6) x& tl DtL: Bleoas A00020 \R = Vee eee 


> 
I 
Ha 


L*x = eS) Bin} m—hn (6) 
‘ m=kn 
r) psdet (6) cxodamca abcoatmmno, npuwem 
? ka 
IPG a (Go ane eae ow se (7) 
0 


A) umerom mecmo qdopmyAel 
Bee — ont x) (R= Oy 1, 2) ...3 r= 0, 1,-2.0, 2— 1). (8) 


HoKka3satenabctTso. AOdcomotHad CxofuMOCcTb psa (5) BbITeKaeT H3 
HepapenctB (4), a psaga (6)—vu3 HepaBencTB (4) H cBOHCcTBa 4) onepaTo- 
pa L. Iyctb y ecTb cymma psga (6). Torga, B Cuuly HelpepbiBHocTH one- 


patopa Ly“ 


(ee) kn—1 


ay "e eee 
0 i) =e | Qe i= > Osfs. 


m=kit s=0 
h p 
Orcioga y = Lx. Hepasenctsa (7) BblTeKaloT 43 cBOlicTBa (4) onepatopa L. 


» Mopmyap (8) ModyuaoTcs, eCIH BbIUHCAHTb y,(L"x), wexoha U3 paBeHCTB 
(6), (3) H BOcMONb30BaTbCA TeM, UTO pA (5) CXOMMTCH HE TObKO NO HOp- 
me || ||, Ho uno || |i. 

Caenctspue. Ecau pad (5) c Koamduyuenmamu, yoosaemeopsaroujumu 
ycaoeusm (4), umeem cymmy x = 0, mo ece ceo Koapquyuenmol paeHbl HYAIO. 
(ee) 
J(u BCAKOFO 2JIeMeHTa XxX & [ous MOXKeT ObITh COCTaBJeH pA (9) c 
: k=1 
KosulveHTaMu, BbIUMCJIeEHHbIMH NO (dbopmyvJiam (8). Bonpoc 0 B3anMOOTHO- 
IUe€HHH MexKly TAaKUMU pHAaMH uM MOpO*KMalOuluMH UX BIeEMeHTaMH pelllaeTcs 
oulefyioueH TeopeMoH. 
co 
Teopema 2. Ilycmb Ona 9aemenma cell D(L") eoinoanstomca Hepa- 
kR=1 
eencmea (7). Toeda u Koadguyuenmot pda (5), eolaucaeHHole no dopmyAam 
(8), yooeremeopsiom Hepasexcmeam muna (4), u eeo cCymMmMa paBHa x. 
Hokxa3atTenabceTBo. M3 dopmya (8) H HepaBeHcTsB (7) BbITeKaeT, UTO 


ger ' aver ae \ 


jdants| Cif A } est. 


La 


Tlomb3yacb cBolicTBoM 4) onepatopa L, HaxXoqMM TakHe KOHCTAaHTHI C, > 0 
(R--1)A hie 
wy (0 <a <el), are Le | i = 6. ies : 


Orciofa cmemyeT, 4TO | Qan4s| <C3 lpe| (O20 6=.max (By) = 1) ote 


ne l 
He€paBeHCTBa PaBHOCHJIbHbI HepaBeHCTBaM 
gkats 
| Anats|<Cy————— (k= 0, 1, 2,...; s=0, 1,..., n—1). 


“LS WAL el 


TlokaxeM BTopoe yTRepsxyeHHe Teopempl. Ilyctb x =a,f,+afi+.. 
+ Agnts fonts ‘gn+s- Torjla Le Qgn for + Aqnt41 iit sig Agn+sls + Ponts» 
THe Pants = L'rqnts. Jax mo6orok = 0, 1,...,qg—1 u Ana Mpou3seombHOoro 
BR=0, do x00 eee 
k k 

Dp CE Lon+-s) np (L a Gente ae Gans] (qeenynces) = GArntp — Akntp = 0. 
5 69" 
Slap stent 
} le tl 
(C; > 0, 06 <1), Buagur, llr,.1.||<C.0" = 0 mpu qn-s—> oon pr 
MeHaAA Teopemy |, BHXHM, YTO eC BBINOJIHeHbI yCOBHA TeopeMbI 2, To 
CpaBeAJIMBbI paBeHcTBa (6). 

Vi3noxeHHoe Bbillle flaeT OCHOBaHHe MPHHATb, NO aHasioruu c (1), cue- 
ayromlee: 


Mostomy rants = Lo Pants: Ho || Pex4sl| <I L4x|| + D ll@ontefe |< 
c=0 


foe) 


Onpexeneune 1. Onement xél] D(L") uaspipaetca L-ananuru- 
k=1 

YeECKHM, eCJIH- AIA Hero BbINOJHeEHb] HepaBeHctBa (7). Pag (5), coctas- 
JeHHbI Jia L-aHamuTHyecKoro seMeHTa x 110 tbopMysiam (8), Ha3bIBaeTca 
ero L-pa]omM. 

OrmeTuM, 4TO coBoKynocTb Az,;,. L-aHalHTHYeCKHX 9JIEMeHTOB omipe- 
jleseTCaH He TOJbKO oOMmepaTopom L, HO H BBIOOPpOM MepBbIX N JJeMeCHTOB 
L-O6a3vca HU OMOpTOrOHaMbHOH K HUM CHCTeMbI (yHKUHOHAJIOB. 


2. Onpeneneuue 2. IlocneqopatenbHocTh x, (R=1, 2,...) coBo- 
KynHocTH Ay, ;,. Ha30BeEM PperyAAPHO CXOAAMCHCH, ecnH: a) CXOAAT- 
ca lo Hopme || || mpu &—>oo Bce mocsegopatembuoctTu L%x, (q = 0, 1, 2,...) 


uw 6) cyllecTByIOoT TakHve He 3aBHcCaliMe OT Rk KoncTaHTH! C, >0 Hu a 


(O26 aa l),eqTo 
qn 
Px. | C, (G1) 22). (7’) 
een 
TeopemMa @: ben x GAri. (k= Io 2) en TEDL OO 
peeyanapuo, mo xGAxz,;,¢, npuwem L'x,—>L'x npu k—->oc (q=1, 2,...). 
Nok a3 4a Tem bcp 0. Monomun | 4 [Oo slime cm Gene 


k-co 
x00) = x). Tak Kako a Lp) sD ne ee 
Xk — Po (Xn) fp — +» - — Pa—a (Xn) fr-a — 
= Py (LO xe) Fegan —— = Oat (L*™ xz) eae —> Ly "(x). (9) 
Vis proporo ycloBHA TeopeMbl H OrpaHuyeHHOCTH (pyHKUMOHAaOB {qs} 10 


Hopme || ||, caeqyer cbyHyaMenTabHOCTh mMocaesopatembHoctelt @;(L*x,). 
Hycth dj.49== lim pe (Ln ag 0p lone ae ee 1) 
k->0o 
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Torfa u3 cooTHoueHHa (9) Haxo,HM, 4TO 


ee Colo = Gala — Op —-ifn—1 — - - « —— 2g 1)n] (Gaya 
= Ag—1yn-+n—1 f(q—a ntn—a = Lo * (x), 
Sotkyya L’x = x9 (q=1, 2,...). Bxmouenve x€Az,,;,¢ BbiTeKaeT u3 (7). 


Sameuaunue |. PaccmaTpnHBapiuineca pH foKa3aTembcTBe Teopemb! 3 
WHCa Agnts ABJIAIOTCA, KAK HETPyHO BHAeTb, Kosddriunentamu L-pspa 9aue- 
Meuta x. J\a HHX MWMeIOT MecTO HepaBeHcTBa THMIa (4). Takue xe Hepa- 
‘BeHCTBA C KOHCTAHTaMH, He 3aBHCHIMHMH OT k, uMewOT MeCTO H Ja KOdCp- 
@uuneHTOB L-pAOB JCMeHTOB Xp. 

JlerKo floKka3aTb Take, HCNOMb3yA OWeHKy octaTKa L-psfa (cM. JoKa- 
ZATeEJIBCTBO TeopeMbI 2), uTO ecau OnA KOaMuyuermoée Kakoli-Mu6yOb nocaze- 
Ooeameaorocmu L-padoe umetom mecmo ouexKu muna (4) c He sBa6UucAiutmu 
om k Koxcmaxmamu u onu cxodamca K Koadduuuenmam nekomopoeo L-pa- 
Oa, mo cymma nocaedKe2o ecmb npeden (6 CmbIcAae peeyAspHoti cxodumocmu) 
CcyYmMM paccmampueaemoli nocaedosameronocmu L-psdoe. 
Sameuauue 2. Teopema 3 nmoka3biBaeT, TO onepatop L, paccmaTpH- 
BaeMbIM Ha COBOKYNHOCTH Az,;,. C TONOMOrHeH, OMpewennemoH perymapHolt 
CXOJMMOCTBIO, HeIIpepbipeH. 
. 3. Ilyctp L nw M—jppa onepatopa kmacca R. Uepe3s n u v o6o03HauuM, 
COOTBETCTBCHHO, Ppa3MepHOCTH MOAMpoctpancTs pelwieHu ypapHenuh Lx = 0 
u Mx=0; uepes Az.;,o H Am, g, p— COOTBETCTBEHHO, cOBOKynHOcTH L- H 
M-anaduTuyeckuxX 9JIEMeHTOB (CHCTeMbI CyYHKWHOHAIOB {p} u {1p}, BooOe 
TOBOpA, pa3JIMUHBI). 
Hyert omepatop. T cTaBuT B cooTBetcTBHe L- fe ety 3JIEMeHTY 


ie S Anim M-avanvTwueckHi 9JeMeHT y = y AmZm. TakoH omepatop 
m=0 m=1 
OcylecTBJIAeT H3OMOp@Hoe (Cc COXpaHeHHeM peryJAPHOM CXOMHMOCTH) OTOOpa- 
wKeHHe Az, 7,9 Ha Am, g,y 
Teopema 4. Ecau v=n, mo onepamopu Lu M oaKkeueanenmuol, a 
UMeHHO, npeoOpasyromca COUHK 6 Opyeott no npasuay M =TLT. 
JleicTBuTembHO, B 9TOM Cyuae H3 TOTO, YTO U= Tu, BbITeKaeT, B CHJY 
papencts (6), uro Mu = TLu. 
4. B padote M. K. ®are (+) paccMaTpHBasiucb PyHKUHH, aHaJIMTHYeCKHe 
OTHOCHTeJIbHO OrepatTopa 


LSD" tp. s(@)D'*+...+r(@) (a<t<b, D==). 


B paOote IO. H. Banuuxoro (?) paccmMatpHBalHucb CyHKUHH, abaHTu- 
yeCKHe OTHOCHTebHO OMepatTopa 


elt (Ae 
Atl =y™ @+ DY ey + DI) ME Hy dt Es EE(@, 4). 
Z=0 i=0 £, 


Pe3ybTaTbI 3THX aBTopoB o6 L- nu A-aHanHTHueCKHX (PyHKIMAX WM 9K- 
BUBAJICHTHOCTH OTlepaTOPpOB PaBHOTO NoOpsfika, OTHOCAUIMeCA K CJlydaio, Kor- 
qa as-=-— oo, b= + oc, ykKa[bIBAaIOTCA B PaMKH H3JIO%KeHHOM aOcTpakTHOH 
CX€MBI, eCJIH, B3AB B KayecTBe X MpOCTpaHCTBO HeMpepbIBHbIX Ha [a, Db] 


Py uen A ONOKUTD, @. (Y= YO(E5). (S== 0, 1,..e., mH 1; @aobp <b): 
Jla6opaTopuaA MOJeNHpoBaHHA Tlocrynuaio 
IleHTpasIbHOrTO MPOeKTHO-KOHCTPpyKTOpcKOrO 610po Ze XI 960 


Tpecta Cep3anMOHTaxKaBTOMaTHKa 


UHTHPOBAHHAS JIMTEPATYPA 


. 1M. K. ®are, Tp. Mock, matem. o6m., 7, 227 (1958). #10. H. Banuuxul, 
Elion. AH YPCP, Ne 3, 237 (1959). 
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Jloxaaynn Anrayemun Hayr CGEGP 
1961, Tom 137, Ne 4 


MATEMATHKA 


B. B. FPYUWIMH 


OB OJHOM CBOHCTBE PEWEHMM PHNOIJJIMNTHYECKOrO 
YPABHEHHA 


(ITpedcmaeaeno axademuxom IT. C. Aaekcandposoim 25 X 1960) 


IlycTb wu (x) — pemenve AudpepenuvatbHoro ypaBHeHHA B YaCTHbIX IIpo- 
H3BOJ\HBIX C MOCTOAHHBIMH KoadpviNeHTamMu 


P (i 5) u(x) = 0. (1) 


B HacTosiijel 3aMeTKe pacCMaTPpHBaeTCA BONPOC O CBA3H Me?KLy POCTOM (PyHK- 
IHU W (x) Ha OecKOHe¥HOCTH U ee ruiagkocTbIO. Bn. | AoKa3piBaroTca Be Teo- 
peMbl, KOTOpble MOKa3bIBaIOT, KaKHe YCJIOBHA HEOOXOLMMO HaJOKUTb Ha MHOFO- 
yieH P (s) AA Toro, YTOObI KaxKoe pewieHve u (x) ypaBHeHusA (1), onpezemeH- 
Hoe IIpH BCeX X, IPH TeX HIM HHbIX OFPaHH4eHHAX pocTa Ha OeCKOHEYHOCTH OblIO 
OecKOHedHO Auddpepenunpyempm. B un. 2 pedb UeT O PiaKOCTH pelleHHh rH- 
MOsJJIMNTHYeCKOrO ypaBHeHHs. [HnoauMnTHyecKHe ypaBHeHHA OblIH BBe- 
yenpi JI. XepMaHyepom B (1), re MOKa3aHoO, YTO, eC u (x) — pellleHHe Takoro 
ypaBHeHHaA, TO u(x) OeckoHeuHO Audhdepenuupyema, un ecan W—orpanuuen- 
HaA oONacTb, TO 


/ 


kR» 
max | D* u =< 0 ae 
Hag Pyles ce 


rye T(z) —dyuxuna OQitmepa, y— po runosimunTuyeckoro ypaBHeHHA. 
1. 2 1OKa3aHO, YTO Mp HEKOTOPHIX OFpaHH4YeHHAX pocTta uw (x) Ha OecKOHeY- 
HOCTH STY OWeHKY PlaqKocTH (byHKWHH UW (xX) MOXKHO CYMIeECTBEHHO YJIYULINTb. 
1. Hanoxum cHayana Ha u (x) camoe cHbHoe ycnoBue. IlycTb wu (x) mpHu 
Xx —> co Bo3pacTaeT He OpicTpee MHoroueHa. B 3THx MpesnoowKeHUAX B (?), 
cTp. 165 oKa3aHo, 4TO, CCIM BCe JeHCTBHTebHbIe peuleHHA asreOpanyeckoro 
ypaBHenusa 
P(c)=0 (2) 


JlexKaT B OFPpaHH4eHHOH YaCTH MJIOCKOCTH, TO W (xX) eCTb lWeslad aHaJIMTHUeCKaA 
(pyHKIMA He BpIMIe MepBoro nopsyKa pocta. Chopmymupyem yTBepxeHHe, 
KOTOPOe B HEKOTOPOM CMbICJe ABJIAeTCA OOPaTHbIM K 9TOMY. 

Teopemal. Ecau ecakoe nenpepeienoe oepanudeHHoe peluenue ypasHe- 
Hust (1) umeem HenpepoieHble NpouseodHele nepeoeo nopsAOKA, Mo 6ce OelicmeumeAb- 
Hole pelleHusnh ypaeHenus (2) Ae#am 6 OepanuueNHou Yacmu NAaocKocmuU. 

Jloka3aTeabceTBo. PaccmMoTpHM HOpMupoBaHHoe mpocTpaHcTBo B He- 
IIpepbIBHbIX OFpaHHYeHHbIX (yHKUMH, 3aaHHbIX MpH Bcex X, C HOpMOl 
| @ (x) ||a =sup|@(x)| MH HopMupoBaHHoe mpocrpancrBo D_ HefnpepbiBHbIXx 
(PYHKUMH, 3ayaHHbIxX Ha Bcel JelicTBUTebHOM MOCKOCTH HM HMeIOMLHX B Kpy- 
re |x|<1 HenpepbiBHble nepBple mpovsBosube. Hopmy s mpocrpanctBe D 


onpegemuM kak || @ (x) |p = sup |p (x)| + > nas SS]. Bee yHkUHH 43 
i= I*IN1 L 


B (D), Koroppie sBasioTcs pewieHHaMH ypaBHenus (1) (B OOOOMeHHOM CMBICJe) 
oOpa3yioT B HOpMHpoBaHHoOM MpoctpauctTse B (D) sMHeiinoe mog_npocrpanctBo, 
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tOTOpoe, O4eBHIHO, ABIACTCH SAMKHYTHIM. O603HauHM 93TO NOMMpPOCTpaHCcTBo 


repes B(D). Acuo, ato B(D) CAMO ABJIAeCTCA MOJHBIM HOPMHPOBaHHbIM IIpo- 
TpaHcTBoM. Kpome Toro, H3 yCNOBHH TeOpeMBI cylehyeT, YTO KarKan PyHK- 


Iva u3 B uMeeT HeMpepbIBHble NepBble MpON3BOHbIe HU, CJIELOBATeIbHO, BXOJUT 
3 D. Tem caMbIM MBI HMeeM eCTeECTBEHHOe HelpepbiIBHOe OTOOpaxKeHue Mpo- 


~ 


Tpanctpa D Ha sce mpocrpauctso B. IIpumMenus Tenepb HM3BeCTHy!IO Teope- 

My Banaxa, nojyaHM, TO OOpaTHOe oTOOpaxKeHHe HeMpepbIBHO, U, cmeqo- 

3aTeJIbHO, CyllecTByeT KOHCTaHTa C >O taxaa, To ||u (x) \|lp CCl (ux) ||, 

iia mo6ou u(x)@B. Tycrs o—nelicrsutenpueii Kopenb ypaBnenusa (2). 

Jlerko mpoBepuTb, 4TO u(x) =e“ B STOM CMy4ae eCTb pellleHHe ypaBHe- 
An 


ua (1). Tax Kax |je-*>||p = 1 n |l|e“||p = 1+ >) |o;|, To nomyaaem, 
it 
uTO | + S Hoya ag Tem CaMbIM TeopeMa JOKa3aHa. 
t=1 


JiemMma. Ecau artodoe nenpepoienoe petenue u (x) ypabrexus (1) makoe, 
4m 


lu(x)|<et, , (3) 
eCMNb OOUH pas HenpepoleHo Sp iad ca AE MYyHKYUA, Mo cywecmeyem makaa 
Koncmanma C > 0, amo us P (s)=0,s = 6 + it, u|t| < acaedyem, umo |o| <C. 


IlocneqHee ycuiopue Spall 4uTO Touoca i < a BplceKkaeT H3 MHOrooopa- 
3H BCeX KOMIIJI€KCHbIX KOPHeH ypaBHeHHaA 


DiS) == 0) SiGe 16, (4) 
orpaHuyenHoe MHoxecTsBO. JloKasaTesbCTBO STON JIEMMbI MOKET ObITb MoOsyYeHO 


MOUTH JOCJIOBHLIM MOBTOPeHHeM Ipebiqyulero, ecsIM B KavyecTBe MpOcTpaHcTB 
B u D B3ATb MpocTpaHcTBa HelpepbiIBHbIX PyHKUNH c sane 


OU). 
a 


L 


Il 9 (x) Ilp=sup|e(x)e", | p(x) |__>=Isup | p(~)le! + >} max 
f= |x|<1 

[IpAMbIM CJIENCTBHeM JICEMMbl ABJIeTCA Cyleyioulad Teopema: 

Teopema2. Ecau stmboe nenpepoieHoe pewenue ypaeHenua (1), Komo- 
poe npu HeKomopom a >O ydoeremeopsem Hepacencmey (3), ecb OdUKn pas 
HenpepoieHo Ougdqbepenyupyeman ddyHdKyusA, mo ypaenenue (1) ecmb eunoaanaunmu- 
“4eCKOe. 

HanoMHuM, 4TO ypaBHeHNe (1) Ha3bIBaeTCA THMOSJIMNTHYeCKHM, eCIH WA 
KopHeH ypaBHenusa (4) u3 |o| — oo cueqyet, To H |t|—> oo. Takum o6pasom, 
JIA HePHMosIMNTHYeCKUX ypaBHeHHH HHKAaKMX CBeeHHH O TylaKocTH pelte- 
Hua u (xX) H3 OWeHKH (3) NOJyYHTS Heb3s. 

2. Ilyctb tTenepb (1) ecTb rumosimMiTHYecKOoe ypaBHeHve Cc poOjOM yj. 
ITO 3HauHT, 4YTO MHOrooOpa3sHe KOpHell ypaBHeHuaA (4) sJexKUT B OONACTH 


|v|Scl|ol°—c. 


Teopema 3. Ecau u(x) — pewenue eunosraunmuueckoeo ypasnenua (1) u 


ee <1, (5) 


mo 6 Amboli Oe2panudenHolt o6nacmu 
k { — 4 
| D¥u (x)|<c*'r [-S—® 2 | 
€ HeKomopoti Koncmanmoti C > 0. 
Woka3satTembctspo. Kak moKa3aHo B (3), cyillecTByeT KOHCTaHTa 


M>0 raxaa, uro npul <p, rge p ects NopsfoK ypapuenus (1), | D’u(x)|< 
< Mmax|u(x + &)|. U3 storo HepaBenctBa u oneHKH (5) NomyuHM, uTO 
[E|<1 


PD Ta i) Ged ay Oe, (6) 
-¢ Apyrumu Kouctaytamu C u a. 

BO TAH, 7. 437, Ne 4 769 
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Ilyctb a (x) — GeckoneyHo Audepeniupyemasd PyHKUMA Takaa, YTO a(x) =1 
mpy |x|<l ou ee )=0 npu |x|>2. Paccmotpum «ynKuuio f,(x) = 
=P (DD) wey ote e °x). Ouepugno, To fn(x) OTAHUHA OT HYJIA TObKO TIpu 
zit aor, Kpome toro, u3 (6) cmenyer, ato |fx(x)|< A". Pacemo- 
TpHM Tenlepb dyHflaMeHTaIbHoe pelienve 6 (x) ypaBHeHusa (1). Tak Kak 
P(D) & (x) =6(x), to mpu |x|<kR® | 


D*u (x) = P(D)u(x)a(k *x) * D'S (x) = fa (x) * D’S (x), 
| D'u(x)| = | \ fn (&) D°S (x—) ) dé | < Heian max | D*&(x-—£)|. (7) | 
hB <|2|<2n8 RP <Jel<anP | 


Ecuu x@€W wHaxogqutcs B OrpaHHueHHOH oOsacTH, TO TpH jocTaTouHO 
Oombuux k 
R R } 
max |D'8(x—8)|< max |D*8 (y)}. (8) | 

nB< |e | <arn® 0,5r8.<| y|<arP 
TakuM oOpa3oM, AIA Toro UYTOObI! NOMYYHTb OWeHKY poOcTa MpOHN3BOAHbIX 
D*u(x), x@W, nyxHo onenuts D8 (x). Kak noKasano B (4), &(x) momuo J, 


TIpefcTaBHTb B Bue 
6 (x) = G(x) + F(x), (9) 
rye G(x)—wenad anasmHTHuecKan (yHKUMA He BBbIWe TepBoro nopslKa 


pocta, a 
foe) 


PSA k+n— ldr << Cre oun \ie eotlalr kta ye (10) 1 
F | 


EDF (a) Oren ee 


ene Oe 


Cyesap 3ameny nepemenuodt L |x| ry, dr = = (L |x|) oy" dy, nonyaun | 
Ses, ee 
[DP Gy Sate a eaty y= Cre Ne ee 
0 
IIpumenan cbopmyay Crupauura, Oyyem uMeTb, 4TO pH |x| > 1 
h Pier 
| D*F (x)|<Cct 7 (11) 
M3 (11) nonyyaem, uto 
ie ; 2 
maxi, |D"FU@\< Ch Ob Ge. [Pe]. (12) 


0,5RB<| x |<3rP 


Oueuum tenepp D*G(x) npu |x|<3k. Tak kak G(x)—wuenaa dyHKuna 
He BbIIe MepBoro MopsyKa pocta, TO | G (2) |< Cell. IIpumMenum lo OfHOMYy 
M3 TlepeMeHHEIX opmyay Komu 


h R\ G (z) 
DO) oi \ (@— x4) 
IL 


dz, 


re B KayectBe KoHTypa L Bo3bMeM OKpyxHOCTb |z,|= 4k. TIpu atom no- | 
JtyauM, uTo mpu |x| < 3k 


|D'G(x)| << BY. (13) 
CootHomenusn (7), (8), (9), (12) a (13) qoKasbIBaioT Teopemy. 


BpipeeM v3 3TOM TeOpeMbI HECKOJbKO CJIELCTBHH. 
Cnenctepue |. Ecan u(x) yaosnersopxeT ycOBHAM MNpebiqymen 


TeopeMbI H B >> 1—vy, To u(x)—aHannTHYecKad (yHKUNA NopsALKa pocra 
Y 
He BBILLIe —. 
Toot 
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CnuegctBpue 2, Ecan u (x) — pewienue runosmmunruueckoro ypas- 
HeHHA WM yoBseTBOpAeT HepaBeHcTBy (3), To uw (x) — Wemad aHamuTHMuecKan 
yHKUHA He BEIMe NepBoro nopsyKa pocra. 

CaeAactBue 3. Ecau uw (x) — petiienue smuntTMueckoro ypaBHeHua, 
KOTOPoe YAOBJeETBOpAeT HepaBencTBy (5), To uw (x) — Weland PyHKUMA, NOpALoK 
pocta KoTopoH He sBpiue 1/8. 

STO yTBepxKfeHHe BbITeKaeT 43 CyefcTBHA 1, eCJIM 3aMeTHTb, YTO AWA 
9NIMMNTHYeECKHX ypaBHeHui y=1. B uwacruoctu, Ana ypapHenua Jlanmaca 
nojyuaeM, uTO W0Oaw TapMoHHuecKad dyHKWHA w(x), KOTOpan Ha GecKo- 
HeuHOCTH pacTeT He ObicTpee Car , ABJIAeTCA WeNOH aHasMTHYeCKOH PyHK- 
nei OT HeCKOABKUX KOMIMIEKCHEIX TIEpeEMeHHBIX, KOTOPaH B KOMMJIEKCHOW 
MIOCKOCTH yROBJeTBOpHeT HepaBenctBy |u(z)|<C,e%l2!%, ecan a> 1. 

Cuencerspue 4. Ecnu runogimuntuyeckoe ypapHenue (1) wMeer poy 7, 
TO He CylecTByeT pelleHua u(x) ypaBHeHua (1), KoTOpoe eppamiacienl B HYJIb 
B HeKOTOpOH OONacTH MH YOBseTBOpAeT HepaBeHctTBy |u(x)|< <Cetlzt 

B  kayecTBe MpHMepa paccMOTpHM ypaBHeHHe  TeMmmOMpoBoxHocTH 
Ou (x1, 2) O?u (x1, Xo) 

Oxy a ax? 
papen 4/,. Takum o6pa30M, Kaxkoe pemenne u(x) ypaBHeHHA TenJIONpo- 

a(x?+x2) 
BOJHOCTH, KOTOpOe BO3pacTaeT Ha OecKOHe¥HOCTH He ObIcTpee Ce ; 
eCTb aHasluTHuecKad PyHKUHA MO OOeHM TlepeMeHHBIM. 

3. BeckoneuHo 2udpepenuupyeman yHKUNA uw (x), onpeqemeHHas B OGva- 
cru W, Ha3biBaeTcaA dyHKUveH Kwacca p B HalpaBJeHHH y, eCJIM AA mMOOoro 


KOMNakTHOrO MHoxKecTBa KC W cyulectByer Takas KoHCTaHTa C, 4TO 
k k 
pes ye? u(x)|<C°T (pk) 
x 


HerpyaHo Mofcuutatb, 4TO po »xTOrTO ypaBHeHHA 


(cm. (*), ctp. 106). Xopotio u3BecTHO, 4TO BCe pelIeHHA IJIMNTHYeCKHX ypaB- 
HeHHH aHaANUTHUHDI H, CICLOBATeIbHO, ABJAIOTCA (PYHKIMAMHU Kwacca | Bo BCex 
HallpaBsieHuax. Mp chopmysiupyem yTBep2KeHHe, KOTOPOe B HEKOTOPOM CMBIC- 
Ae ABJIAeCTCA OOPATHbIM K STOMY. 

Teopema 4. Ecau Kascdoe GeckonerHo Ougdpepenyuupyemoe petuenue ypas- 
HenusA (1) neanemca dynKuuett Kaacca | 6 HaNpaer»eHuU Y, MO 6eKMOp Y OpMmoeo- 
HaNeH 6CeM OelicmeumMeAbHoim pelwleHuAm ypaeHeHus Po (&) = 0, ede Po (s) — 
enagHan dacmb mxHoeounena P (s). 

HokasaTebcTBO 9STOH TeOpeMbI CylelyeT M3 TOrO, YTO AIA mtOOOrO XapaKTe- 
puctuyeckoro &, Po (§) = 0, cymecTByeT OeckoHeuHO Audpepenuupyemoe pe- 
weHHve uw (x), KOTOPoe TOKMeCTBEHHO OOpalllaeTcA B HYJIb B NOMyNpocTpaHcTBe 
<x, § >>0 ((}), crp. 86). Takoe pemenne uw (x) MoxerT ObITb (pyHKIMen KwIac- 
ca 1 ToMmbKO WA Tex y, AA KoTOpHIx <y, E> = 0. 

Teopema Dd. Ilycmb 6 nexomopot obaacmu W Kaocdoe beckone4tno Oud- 
eperuupyemoe petuenue ypasHenusn (1) seanemca dbynkyueti Kaacca p 6 Hanpae- 
AeHuu y. Ecau y He opmozonaAbHo Hu OOHOMY OelicmeumeAbNOMY peteHUtO 
ypaenenus Po (&) = 0, ede Po (s) — enaenaa uacmo mHoeounena P (s), mo P (s) — 
2eunosAAUNMUUeCKUL ‘MHO2OUNeEH UU KascO0e petuenue ypaeHenusn (1) sAeAKemcA 
ynkuuel Kaacca p 6 Awmbom Opyeom HanpaereHuu. 

B 3aksroyeHHe BbIpakaio OnarosapHoctb mpod. T. E. Wlunosy 3a Oospuioe 
BHHMaHHe K 3TOH paOoTe H pA WeHHBIX 3amMeuaHHi. 


MockoscKHl rocyfapcTBeHHbI yHHBepcHTeT Tlocrynusio 
um. M. B. Jlomonocopa Il X 1960 


UWHTHPOBAHHAA JIHTEPATYPA 


1jl. XépmMaugep, K Teopun o6mux AuhpepeHynantbuyx onepatopos, VJI, 1959. 
n, IT. E. UWuaos, Tpocrpanctspa OcHOBHEIX H O60OmeHHEIX *yHK- 

“uni, M., Hy) 

) 


] SE Weoley, Mid.) 14.08.) 5)(89)) (959) = BB. lapaveninn H, 
YMH, 16, Baas ‘ 
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Horaagn Akaxemun nayr CCCP 
1961. Tom 137, Ne 4 4 


MATEMATHKA 


WM. HW. EPEMHH 


O TPYMMAX C KOHEYHbBIMH KJIACCAMH COTPS)KEHH bIxX 
NOArPYNNM C 3AXAHHbIM CBOHMCTBOM 


(IT pedcmaenexo axademuxom A. H. Maaouesoim 9 XI 1960) 


Hactosmlad 3aMeTKa MOCBAULeHa B OCHOBHOM H3y¥eHHIO Tpylill, B KOTOPbIx 
IIA KaxKow OeckoHeyHOH MoArpynnbl cyulecTByeT KOHe4YHOe YHCJIO C Heli Co- 
Mp aAxKeHHbIX *. TlomyaeHHple 30eCb pe3yJIbTaTbI NONOJHAIOT H MpoORosKaioT Uc- 
cieqoBanHua (1-%). 

I. aa cbopmMysuposKu Teopem | u 5 Ham NoHaqoOuTCcA cule yroulee onpesle- 
JleHve: OecKOHeuHYyIO Tpynny, BCHKad MCTHHHAA Mosrpymma KOTOpOoH KoHeY- 
Ha, Ha30BeM KBA3SHKOHECUHOH (ABMIAETCA JM Takad rpynna KBa3H- 
WMKJIM4eCKOH — B 9TOM COCTOHT M3BeCTHaA HM JO CHX Nop HepewieHHaA mmpoo- 
jiema O. IO. UImumta). 

Teopema 1. J/pouseonoxaa nepuoduseckaa epynna © c KoneuHoimu KAac- 
CAMU CONPAICEHHbLX O€CKOHEYHOLX nNOOepynn, He COdepsHcaaA Kea3sUKOHeUHO Nnod- 
epynnol, AeasemcA KOHe4UHbIM paciulupenuem ceoeeo YeHmpa. 

CaenetBue, Ecau 6 nepuoduseckou epynne ©, He codepocaweti Kea- 
BUKOHELHON NOOepyninbl, KAACCbL CONPAICEHHOLX OeCKONE4LHOLX nNOOepynn KOHEXLHOL, 
mo 6 Hel KOHe4HbL 6Ce KAACCbL CONPAIMCeHNOLX nNodepynn. 

IIpumeuaune 1. Tpe6opanue mepvo_usuoctu rpynop © B Teope- 
Me | cymectBenHo. JleiicTBHTebHO, pacCMOTpHM paculHpeHve GeckoHeyHOH 
WMKIMYGecKoH rpynnpl Y% Cc MOMOLULbIO PpyNNbl AaBTOMOPdu3MoOB BToporo NopsAy- 
Ka, He€MHHUHbIM 9JIEMeEHT KOTOPOHM MepeBOLUT BCAKHH SIeEMeHT U3 Qf B JIEMeHT, 
emy oOpatupil. [lomyyenHad rpymna yoBsieTBOpseT BCeM TpeOoBaHHAM Teope- 
Mbl (KPOMe TlepHOAMYHOCTH), OLHAKO ee WeHTp paBeH 1. . 

IIpumeuaunne 2, CymlectByioT nepHosquueckue rpynnb 6e3 WeHTpa 
(qaxKe pa3pelluMple), B KOTOPBIX JIA KaxKMOM GeckoHeYHOH Nosrpynny cyule- 
CTByYe€T KOHe4HOe YHCJIO C Hell Comps»KeHHEIX. IIpHmMepomM MoxkeT CJyKUTb Ppyl- 
a, ABJIAIOULAACA PaCIWIHpPeHHeM KBa3HUMKJIMYeCKOH Tpynnp Y mo mpocromy 
qHuCIY p= 2 C NMOMOMIbIO rpynnbl aBToMOopdu3sMoB BTOporo NopsAyKa, Heesu- 
HMYHBIH 2JIEMeHT KOTOPOH MepeBOLHT BCAKHH 9JIeMeHT H3 9) B SJIeMeHT, eMY 
oOparupiit. 

IIpumeuaunne 8. TpeOoBanne KOHeYHOCTH BCeX KJIaCCOB CONpsKeH- 
HBX Oe€CKOHE€UYHDIX oOsrpynn B Teopeme | Heb3d 3aMCHHTb TpeOoBa- 
HH€M KOHCYHOCTH JIMIIb KuIaCCOB CONpAKeHHDIX OeCKOHeEYHHX ade- 
J@BbIX mofrpynn. OgHako, ecm rpynny © npeqnonoKUTb WOKabHO HHJIb- 
MNOT€CHTHOH, TO 34Me€HY MOMKHO CieaTb. 

Teopema 2, Ecau 6 npouseorsHod epynne © c Koneunoimu Kaaccamu 
CONpAINCeEHHbLX OeCKOHeXHbLx nodepynn YyeHmp OecKoHereH, mo eeo unOeKc 6 © 
Koneden. 

HispectHo, 4To 2d MHOrMX KJlaccoB rpynn cnpaBeqiuBa 

TeopemaA. J pynna, yOosaemeopsnwan ycaoeuio MUNUMaAbHOCMU OAA 
adeneselx nodepynn, AgARemcaA aKcmpemadrbHou **, : 


* Ha wetecoo6pasnocth H3y¥eHHs STOFO Klacca rpynn OOpaTH Moe BHuMaHHe C. H. Uep- 
HHKOB, 


“*OKCTPeMaAbHOH rpynnod HagbiBaeTCH rpymma, ABAAIOMLAaACA KOHEUHBIM 
PaculipeHHem aOevleBoli MOATpyNNbl, yAOBMeTBOpAIOWell YCJOBHIO MHHHMaJIbHOCTH. 
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Ecau rpynna © mpywuafexut KaKOMy-HHOyfb H3 KsIaCccOB, B KOTOpOM 
‘HMeeT MecTto TeopemMa A, To Ha30Bem ee E-rpynnod. (B yactHoctn, 
E-rpynmamu OyfyT soKaJIbHO pa3pelIHMble pyMMbl, MOKabHO HOpMaJIbHBIe 
rpylnbt wT. 1.) 

Teopema 3. /Iycme © — nepuoduyeckaa E-epynna, onpedeaswwan daa 
Kaxcdot ceoeli OecKoHeunolti nOdepynnol KOHeXHOe 4UCAO C Hell CONPAMeHHOIX. 
Ecau yexmp epynnet © Kkonewen, mo ona akcmpemaarona. 

Caexctsue. [ycme & — nepucduueckaa E-epynna c Koneunolmu KaAac- 
caMU COnpsAKeHHelx OecKoHeunolx nodepynn. Ecau epynna © ne seasemca 


KOHeUHOIM paculupenuem ceoeeo YeHmpa, mo OHA aKCMpemaAoHa. 


Ilpumeuanne. B teopeme 3 ycnosue Ana rpynnp G 6pith E-rpynnoti 
WUKTYeTCH HepellieHHOCTbIO YNOMHHaBlUelcaA BbIWe MpoOnemp O. fO. I Imunra. 
I]. Wycts G—npon3zzonpyaa rpynna u %—unekoTopaa ee KOHeuHaA 
noarpynma. Ecnu seakaa adeneBa noprpynna rpynnst % onpefenser BG 


“KOHeEYHOe UYHCIO CONPAKeHHbIX C He NOMTpymn, TO, oOveBHyHO, HHAeKC 


WeHTpaiMsatopa noprpynne: Y Koneyen BG. B npeznonoxmwenun nepuosuy- 


“HocTH rpynnpt © uw KoHewHocTH MHOxecTBa 1 (2) * yrBep»xpeHuNe ocraeTca 


“B CHIe H WWIA Cyyad, Korfa nop~rpynna Y apaserca OecKOHeuHOH. 
. Teopema 4. Ecau © — npouseorsnaa nepuoduueckan epynna u %— ne- 


Komopan ee nodepynna Cc KOHedHolmM mHOoecmeom:n (%), mo undeKC YeNmpa- 


Ausamopa nodepynnea YX moeda u moarvko moeda Konewen 6 &, Koeda npous3- 
BOAbHaA abenesa nodepynna epynnoet YW onpedenanem @ GW Koneunoe uucao C 
Hel CONPAIKEHHOIX. 

Uni NOKaIbHO HOpMasbHBIX Tpynmn 3sTO Mpesomenne OblIO MOKa3aHo 


“aBTOpOM B paoote (°). 


Cnenctspue. Ecau %—nodepynna nepuocduyeckoi epynno © u mno- 
aeecmeo (2%) KOHe4HO, MO U3 KOKeYHOCMU KaAaccoe conpsRHeHHUX 6 G abexre- 
Bolx nodepynn epynnet YM caedyem KoHeXHOCMd 4uCAa CconpAeHNoLx Cc YW nod- 
epynn epynno ©. 

IIpumeuanne |. B teopeme 4 or TpeOoBaHHA KOHEUHOCTH MHOKeCTBA 
m(%) ocBoOO{MTECA Heb3a (CM. HpHMep kK Teopeme | u3 padorTnl (?)). 

IIpumeuannue 2. Ha npon3poububle rpyrmbl TeopeMa 4 He pacmpo- 
cTpaHsetca. IIpumMepomM MoxkeT cay2KuTb rpynna ©, sapsaoulaica pacwimpe- 
HH€M KBa3HUMKIMyeCKOH rpymm Y% Cc MOMOUIbIO GecKOHEYHOH WHKsINYeCKOH 
rpynnbl aBTOMOpH3MoB. 

Teopema 5. flycme OG—npoussorasnan nepuoduueckan epynna u 
+ —nekomopan ee nodepynna, seastowasaca E-epynnoti, Ora Komopoti mno- 


~acecmeo (2%) Koneuno. Ecau Kancdaa Oeckoneinan abeneea nodepynna epyn- 
not % onpedensem @ & KonewHoe 4UucAo conpsAnKeHHolXx C Heli nodepynn, mo 


6 UY cywecmeyem nodepynna B Koxewnoeo uHOeKca, Yenhmpaausamop KomMopoti 
umeem KOHeUNbIi UHOeKC 6 &. 

Teopema 6. [ycmb © — nepuoduueckan epynna u %—nekomopan ee 
nodepynna c KOHeLnbim mHooecmeom sm (YM), He CodeprCaljaA KeasUuKOHeLHOU 
epynnol. Ecau ecakaa 6ecKoneuHaa nodepynna epynne % onpedeasem 6 & 
KOHe4HOe YUCNO C Heli CONPAMKeHHOIX, MO UHOeKC YeHMpanusamopa nodepyn- 


nol WY KonNeden 6 GS. 


IIpumeuanue. M3 teopemp 6 culefyer yTBepxxyeHue Teopembi | (A 
caydan, Kora MHOxKecTBO 1(@) aBAAeTCA KOHEUHBIM. 


Tlocrynnuio 
3 XI 1960 


j 
UHTHPOBAHHAA JINTEPATYPA 


; 


| Bee Nentl teal ii eMath:eZs.263, 76) (1955).) 2.6, Hs Weipa ak os, HAH, 
/114, 1177 (1957). ®. UW. Epemun, Marem. cOopu., 47, 45 (1959). 
: 


| 
: 
/ 


* TIoq 1 (2) Mbl TOHHMAe€M MHOMKECTBO MPOCTHIX JelutTeneH NOpALKOB 93JIEMeHTOB 
rpynnpr 2. 
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Wloxnagn Akawqemun Hayr CCCP 
1961. Tom 137, Ne 4 


MATEMATHKA 


B. Ti. MAJIA MOJOB 


OB OBILEM BHE PEWEHHA OAHOPOAHOrO 
JIMPEPEHUMAJIbHOrO YPABHEHHA C MOCTOSHHbIMH 
KOI®OMLMEHTAMH 


(ITpedcmaeaeno akademuxom II. C. Aaexcandpoesim 4 XI 1960) 


XOPOMWO H3BeECTeH CJELYIOUIMH SJICMCHTAPHBIM (pakT: Kaxkoe pelienue OObIK- 
HOBeCHHOrO AudpepeHUNaIbHOrO OLHOPOAHOrO ypaBHeHHA C MOCTOAHHBIMH KOIp- 
(pPHILHeHTaMH eCTb JIMHeMHAA KOMOHHAILMA HEKOTOPbIX SKCIOHEHT (9KCHOHEH- 
IMaJIbHbIX IIOJIMHOMOB), HHAYe TOBOPA, OHO eCTb TpeoOpasoBaHue Dypse sn- 
HeHHOH KOMOHHALHM JelbTa-pyHKUMH (H HX MpOM3BOHbIX), COCpeqOTOUCHHBIX 
B KOPHAX COOTBeTCTByIOllero TlouMHOMa. EctecTBeHHad (bopMyJIMpoBKa aHa- 
JIOTHAHON TeEOPeMb! JIA YpaBHEHHH B YACTHbIX MPOHSBOAHHIX 3BYYUT TAK: Kaxk- 
oe pelieHHe ypaBHeHusa 


p( Dye) WDEatdon ee. LOO), (1) 


rye p (s) — MHorousieH OT MN NepeMeHHbIX S = (S1,..., Sn) ECTb Mpeo6pa3o- 
BpaHve Mypbe (yHKUMOHATa KOHEYHOTO NOpALKa, CocpefoToveHHOrO B KOPHAX 
MOJIMHOMa 7p (s). 

Met ccbopmyJiupyem 3]ecb OCHOBHYIO Teopemy * (Teopema 1), u3 koTopoiu, 
B ¥aCTHOCTH, CuleqyeT, 4TO OOblNHOe pemienne (1) NpedcTaBAAeTcA B Bue UCKO- 
MOrO HMHTerpasia B CJIeYIONLMX Cy4aAx: a) OHO eCTb Lleslad aHalMTHUecKaA 
(@yHKUMA; 6) OHO pacTeT He ObICTpee SKCIHOHEHTHI HEKOTOPOrO MopsKa; B) OHO 
€CTb IIPOH3BOqHadA HeKOTOPOrO HopxALKa OT yHKWMA Takoro pocrTa. 

Ja Toro uTOObI HMeTb BOSMOXHOCTh TOBOPUTh O MpeoOpas0Banun Pypee, 
HeOOXOJMMO paccMaTpHBaTb pelleHua (1) B TeX HAH HHBIX MpocTpaHcTBax 
OOBITHBIX HIM O6O0GuleHHHIX PyHKuNH. TIpupegem onpefenenua HeoOXOJUMbIx 
HaM (PYHKUHOHAJbHBIX MpOCTpaHctTs. 


Cnenya (5), uepes 6) o603HauHM MpocTpaHcTBO BCeX UWeMbIX aHamuTHye- 
CKHX (yHKUHH (m MepeMeHHBIX) C TOMOMOrHeH PpaBHOMepHOH CXOUMOCTH Ha 
orpaHvyeHHbIxX MHOxecTBax. Jlanee, uepes 6} (C?) o6o3HauyHM MpocTpaHcTBO 
ILeJIbIX (HeINpepbIBHEIX B KOMIINJIEKCHOM M[poctTpaHctTBe) (yHKiHH He BHIMNe 
Mepporo mopsyKa pocta. Tonosormyuecku mpocrpanctso 6) (C?) mpi ompese- 


JHMM KaK MHIYKTHBHBIM pele] HOPMHpOBaHHbIX MpOCTpaHcTB IWesbIX (HeMmpe- 
PHIBHBIX) (YHKIUHH, ONpesesAeMbIX HOpMaMH 


Ill, = sup|p(z) exp (— #|2])|- 


IIpocrpaucrsa Sf u 68, a-+8>>1,—npocrpanctBa GecKkonewHo mutbipe- 
PeHIMpyeMbIx (byHKUMH, ABMAIOMMeCH MHAYKTHBHBIMH TipesesamMH HOpMUpo- 


BaHHbIX TIpOCTpaHCTB Soe Y ou 3aflaBAaeMbIX COOTBETCTBCHHO HOPMaAMH 


ua D19 (x) 


LPN AP ee ae exp(tA|x BIg? 


* [Ip nogroropke HacTosuelt pa6oTsl K neyaTH aBTOpy CTaO H3BeCTHO, uTO Spennpailic 
AaHOHCHPOBal aHaJlOrHuHy!O Teopemy. 
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TIpoctpauctsa Sg u 62,4 >>0,—Takxke MpocrpancTBa OecKoHeyHO Judp- 


| epenumpyemprx yHKUMi, ABIAIOUIMeCH HHAYKTHBUbIMH TpeyesamMH HOpMH- 
_ pOBaHHbIX TIpOcTpaHCTB C HOpMaMH 


IPllag= Ep jexp(+ A|x |") D'p (x)|. 


x; |Z |<q 


TIpocrpancrsa 85 u Si —pocrpaHcTBa BCeX, COOTBeETCTBeHHO BCeX pH- 
HUTHBIX (YHKIUMH, MpHHafyexKaulux Kaccy Kespes nopsfka 8B. Ipo- 
cTpaHcTBa S$ noppo6Ho usyyenn B (1). Hexoroppie cpoiicrsa mpocrpaHcTs 


Sou (opMyJIbI HX NpeoOpasopanHh Pypbe janpi B (°). 


CohopmysupyeM OCHOBHOHM pe3syJIbTAaT. 

Teopema |. Kazcdoe pewenue ypaenenus (1), npunadseocatyee: 1) npo- 
cmpancmey 6, secex yenoix dynxyuti uau 2) odnomy us. npocmpaucme 
SE 0<a<l, o606wennoix ynkyutt OecKoHerHoeo nopsdKa, pacmytyux 
Ha OecKoHeuHocmu ne Oblcmpee exp (A| x |"), ecmb npeoOpas0eanue Py poe 
HeKOMOPO2O PYHKUUOHANA KOKELHO2O NOPAOKA, cOocpedomoueNHoed Ha mHODKEe- 
cmee KopHeti nonaunoma p(s). 

TakuM 0Opa30M, cpefH MpocTpaHcTB, JIA KOTOPbIX cMpaBesuBa Teope- 
Ma 1, HaxoOfiTcA BCe MpocrpaHcTBa Se (1 < a4+ B<oo), rae uHyeKc o 
MOXKeT MPpHHUMaTb JWNOO0e 3HAYeHHe, 3aKJIOUCHHOe MexKy HYJIEM U eqMHuneH. 

SaMeTuM, 4TO, ecm a > | (a= 1), TO Kaxkjoe pelieHve ypaBHeHua (1), 
lipHHaflexkallee MpoctpaHcTBy Sa, Kak HETPpyMHO MOKa3aTb, eCTb mpeoopa- 
30BaHve Dypbe (yHKWNOHaMa, COCpeJOTOUeHHOTO Ha MHOKECTBE BCeX Je H- 


CTBHTC€AbHHIX KOPHeEH TOAHHOMa p(s) (B wOOOH OKpecTHOCTH 93TOrO 
MHoxecTBa). MoxkHO moKa3aTb, 4TO mOO0e pemleHue (1), npHHannexauiee 


TipocTpaHcTBy See (1<B< oo), MOxKeT ObITb NpHOMMxKeHO NO TONOOrUH 
JBOHCTBEHHOTO TIpOcTpaHcTBa JIMHCMHbIMH KOMOHHALHAMH jlembTa-cbyHKWHl u 
HX TIPOM3BONHbIX, COCPeOTOUCHHBIX B KOPHAX p(s) (CM. Takxe (*)). 

JloKaJbHbie CBOHCTBa H MOBeyeHve Ha OeCKOHeCYHOCTH pelleHHA BJIMAIOT 
Ha pocT PyHKUMOHAaNa, ABJIAlOWeroca MpeoOpasopaHnem fWypbe 9TOrO pellle- 
Hua. Jlanum TouHoe onpeseseHHe. Byfem ropoputb, 4To f ecTb (yHKWHOHaT 
He Bbillie g-roO TOpsfKa, COCpeJOTOYeHHBI B KOPHAX NomHHOMa p(s), pacty- 
mM Ha OeckOHeyYHOCTH He OpicTpee MoOMOKUTeMbHOK dyHKunN F(z), ecan 
OH ABJIAeTCA (PYHKIHOHAIOM Hal WpOCTpaHcTBOM HempepbIBHbIX (B KOMIIJIeKC- 
HOM MpocTpanHctse) PyHKUMH, OrpaHHUeHHbIX MO HOpMe 


lpl= sup |F(z)D'p(z)|. 


p(z)=0, |i|<q 


Ilycrb m— nopsfoK MHorouseHa p(s). CnenyioulHi pe3yibTaT yTOUHAeT 
Teopemy 1. 

Teopema 2. Kastdoe pewenue ypaeHenua (1), npunadseotauee: 1) npo- 
cmpaucmey $5; 2) odxomy us npocmpancme So, &%,0<a<1(l<a+t 
+B< co), o606wennbIx, CoomeemcmeeHHo OecKoHe4HO Ougdqbepenyuupyemolx 
QyHKYUl, pacmyuiux He Ovlcmpee HeKomopott aKCnoNeHmbL, ecmb npeobpaso- 
6anue Pypve Hekomopoeo @ynkKuuonana nopsAOKAa He Bolle m, CoCcpedomoueHn- 
nHO2@O HA MHODCeCMee KOpHeti nonuHOMa p(s). Ha 6ecKoneunocmu amom Gynk- 
yuonan: 1) yOoleaem ne meOneHHee 4em aKCNOHeHMa nNnepeo2eo nopsdoKa; 
2) pacmem ne Goicmpee vem exp(— Alt f/"- + Blo|”"), A>0, B>O, 
npu B>0u ne Ovicmpee vem exp(— A|t//™)(|5| + 1)*”, AD>0, M>0O, 
npityBe= 0: 

HametuM fokasateibcTBa Teopem | nu 2. PaccmoTpuHM cHayana cayual 1). 


V3 pesynmptatos (+), rn. 3, § 4 BblTeKaeT paBeHCTBO = 6°, cnenopatesb- 
HO, eCM uw —lenoe anamuTHuecKoe peulenue (1), TO UE). 
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Ilyctb E—ofHa 3 MNepeMeHHBIX S;,...,Sn, BXOMAULAaA B MHOFOWIeH 
p(s) B cTemeHH, paBHOoM ero nopsayky, a 1 — OCTaJibHble NepeMeHubie. Bcerpa 
MOXKHO JlOOMTbCA CYWIECTBOBAHHA TakOH MepemMenHoH €, cyesaB HeKOTOPBIH 
BellleCTBeHHbIM mopopot ((1), rm. 2, § 3). Iyctp 


p(s) = Py J] (8 —&e(n)I. 


i=1 


BynteM JA MpoctoThl MpesnosaratTb, yo MpH kKaxKJOM NH BCe KOPHH 
E,(n),---, &m(n) pasnuaHet. 
aM OyfleT HeEOOXOAHMO CJIefyroulee MpocToe HepaBeHCTBO: 


[Ees(n) Sein been, Sai: (2) 


Ilyctp H —onepatop B3cATHA HHTepNOMAWHOHHOTO MHOrouseHa To mMeépe- 
MeHHoH &€ B TouKax &,(n),..., &m(n). Onepatop H, B cuny (2), ecTb orpa- 
HHYeHHBIA ONepaTop B mpocrpanctTse Cj. Kpome toro, O4eBHAHO paBeHCTBO 


Jieictpue onepatopa H Ha aHanuTuueckHe dyHKIHH MOxKeT ObITh Mpen- 
cTaBsleHO Tak (*): 


Hg = sf, LE MOE m= PE Deen gy, 


2mi ; (z— &) p(z, ) 


roe I‘—xKontyp, cofepxamHi BHyTpu ceOx tTouku §&(n),..-., Em(n). Us 
3TOrO PaBeHCTBA MOXKHO ycmoTpeTb, uTo H@p— anannTuyecKan (CyHKILHa; 


6omee Toro, H —orpanHuyeHHbIi onepatop B coe HQ — He = = pip, re wp — He- 
KoTopad dbyHKuNA mpoctpanctea 2. Orciona (u, ~) =(u, Hq), pe E. 
IIpHHsB 3TO paBeHCTBO 3a OMpeslenenne, pacnpoctpanum dyHKUMOHaN wu 
Ha mpoctpanctso 6{-+ pC?C Cj. Tonyyennpri dyHKunonan Hempeppiren 0 
TONOJOFHU, HHLYUMpOBaHHOM u3 MpocTpanctBa C}. S10 cnemyerT u3 Toro, TO 


H —orpannuenupit onepatop B Cj, a u3 (3), ecmu @E&?+ pC},  umeem 
Hp 6}. U, nakonen, cHopa m3 (3) cneqyeT, yTO Baa m1060 hynKunH PEC} 
(i, pp) =0. (4) 


PaciipoctpaHhB C MOMOLIbIO Teopemb! XaHa — BaHaxa @yHKWMOHaT u Ha 


5 
Bce lipoctpaucTBo Cy, MbI nomyunuM dyHKuUHOHAaN TopayqKa He BBIIe m, 
COocpeOTOUCHHbIM, B CHJy (4), Ha MHOxKecTBe KOPpHeH mMomMHOMa p(s). Takum 


oOpa3s0M, Mbl YCTaHOBHJIN ClpapeluBoctb Teopem | u 2 ANA WeNbIX aHawu- 
THUeCCKHX pelleHuu (1). 


YkaxemM NyTb foKasaTenpeTBa 93THX Teopem JA mpoctpancTB Sé, 
a (l<a+B<oo). B (') nonyyena copmyna npeoOpasopaHna 


Pypbe Ca =a: 


Ilyctp BCe€ TI€DEMCHHBIe S;,..., Sp» BXOAAT B MHOPOUJCH p(s) B CTe€NeHH /71 
(TOTO TaKKE MOMKHO JOOMTbCA NpH NOMOMH BelllecTBeEHHOTO MOBopota); 
N,> -.+, TY, — COOTBETCTBYIONINE Ppyiifibl OCTaJIBHbIX MePeCMeHHBbIX. Tlyctp 

m 
) ara Pel [S, — S; (n,)] 
ea 


u wp(E) ES’ g—TaKkan dyHkuns, uTo p(0)= 1. Toctpoum onepatop Hg = 
= H;9(§, ),) B3iTHS WHTepMosALMOHHOrO MHOrOWIeHa NO NepeMeHHOH s; OT 
dy nkynH p(s, n,) P(§ 1S; ) B TOUKAX st (Hz )ae S; si? (1). 
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Ilocrpoum jjaviee HaOop leIbIX aHAMHTHYeCKUX PyHKuN y;(s), i=1,..., m, 
YAOBMETBOPAIONNHX cueLyioulHM ycoBuam: 1) |¥,;(s)|<cexp(B| 7 [va-a)y. 


2) ty (s) | <cexp (— Saat ag 4 Beant) Bay ls | 3} s,\; 


3) >) uc (s)= 1. Takot na6op dynkun MoxHO nocTpoutb, HanpuMep, Tak: 


tod, 
MOCTpOHTb CHadaJla HeMpepbiBHbIe (PyHKWHH, YHOBJICTBOPAIOWHe STAM YCJO- 


BHAM, a 3aTeM CBEpHYTb HX Cc mMOGOH dynKHeH y,€ S24, s,, WHTerpan KO- 
TOpOH lO BCeMy TpocTpaHcTBy paBeH |. 


m 
HerpyfHo mpopeputb, uTo onepatop H = > yi(s) H; yOBeTBOpseT cule- 
t=] 
WYIOWHM ycsIOBHsM: 1) Tien! PARAGEH BIE onepatop B Sq’ : IIpH HeEKOTOpbIXxX 
As, Begy2) ecu Mesa a By 10 ea tte Sa; 3) H —orpannuennpiit onepatop 
B HOPMHPOBaHHOM IIpOcTpaHCcTBe HeMPepbIBHBIX (yHKWHH, 3afaHHOM TOM «Ke 
HOpMoit, 4TO u Sz’ Bs 4) ecmw @ MpHHafexKHT 3TOMYy- TpocTpaHcTBy, TO 
Hpp=0. IIpu 9Tom uem He KoHcTaHTbh! A un B, Tem GOOmee WHPOKHM 
MOXKHO B3ATb MIpocTpanctBo Sp’ B Bo 

Tlanbuelimme paccyxeHHus MpOBOAATCA TMO/HOCTHIO aHaJIOrMYHO Tomy, 
Kak 93TO Jesastoch AA mpocrpanctsa 63. Takum xe O6pa3somM mpoteKaer ]0- 
Ka3aTebCTBO Teopembl 2 yma mpocrpanctB && Onarogapa copmyse Boll 

nl 
ctpenHoctu 65 = gs, O<a<l, l1<a+t+B<oo, BbiTekatoulel u3 pesyub- 
TaTos (°). 

B 3aksioueHHe OTMeTHM [Ba KJlacca ypaBHeHHit (1), Aa KOTOPbIX MOXxKHO 
YCHJIUTb NOJYYeHHbIe pe3yIbTATbI. ITO, BO-MepBbIX, 2MMNTHYeECKHe ypaBHe- 
HHA, WIA KOTOPbIX Teopemb! | Hu 2 paloT O6ulHH BUA mOGOro OCOOOmeHHOrO 
pelleHHA, MOCKOJIbKy, KaK 2OKa3aHo B (°) (cM. TakxKe (7)), KaxKoe OOCOMeEHHOe 
pellieHve 9JIJIMNTHYeCKOrO ypaBHeHuA — Welad aHasuTHyecKan (yHKIULMA. 

Teopema 3. Ecau kopHu mxoeounena p(s) yOoeremeopatom ‘ycAoéuto 
|Im &;(n)|<c|Im, n |+ B, mo kascdoe pewenue (1), npunadnescaujee OOnOMY 
u3 npocmpancme S u a (1<B<oo),ecmbo npeobpasoeanue Pypee ynk- 
YuUOHAaNA NOpPAOKA He ble M, COCPedoMoO4eHHO2O B KOPHAX NoAUHOMA p(s), 
pacmyweeo Ha OecKoHeuHocmu He Oolcmpee exp(—A i ieBioH*) npu 
B>0 wu ne Geicmpee exp(— A|t])(|o| + 1)*” npu B=0. 

Takum o6pa30M, ecu MHOorouneH p(s) yOBMeTBOpAeT ycuOBHIO Teope- 
MbBI 3, TO Teopempr 1, 2 u 3 ator OOmMH BUA pewleHua (1), NpHHagexKa- 
wero jOOOMy H3 TpocTpaHcTB Sey e (ecu Se HeETPHBHAaJIbHO, CM. (')). 

YcuoBuio Teopembl 3 yOBMeTBOPAIOT, B YACTHOCTH, MHOFOWIEHbI, KOTOPble 
B OO€ CTOPOHEI lo MepemeHHOt — runepOomMuHbI (B cCMbICe (*)) c MoOmKH- 


TEJIbHBIM POOM. JloKa3aTesbCTBO TEOPeMBI 3 MOxKeT ObITb NOJyYeHO ONMCaAH- 
HbIMH BBIe MeTOVaMH. 


Teopemp: 1, 2 nu 3 BMecte c @OpMyaMH ABOMCTBEHHOCTH JIA MpOCcTpaHCcTB 
Tuna S Hu THMa 6 JalkOT BO3MOMKHOCTb NOJYYHTh PAM HOBbIX pe3yJIbTATOB 
JIA YpaBHEHHH C NOCTOAHHBIMH KoOadpPpHIneHTaMy. 

MockosckHit rocyjapcTBeHHbIi YyHHBepCHTeT TloctynHuio 

um. M. B. Jlomonocopa 11 X 1960 
hb} UMTMPOBAHHAS JINTEPATYPA 


1Y.M. Teapgdaug, f. E. Wuaos, I[Ipocrpancrsa ocuoBynx Hu OOoOUeHHDIXx 
dbyukunl, B. 2, M., 1958. 2H. M. Tenpdaug, I. E. Wuaos, Hexoroppe Bonpocn 
TeOpHHu aucbepenunanbubrx ypapHeHHi, B. 3, M., 1958. %A.O.Teapgmoug, Ueunc- 


| jleHve KOHeuHBIX pasHocteli, M.— JI., 1952. 4B. Malgrange, Ann. Inst. Fourier, 


6, 271 (1956). 5B. HW. Maaamogos, YMH, 15, B. 4 (94), 208 (1960). 
$L.H6rmander, Acta Math., 94, 161 (1955); K TreopuHu o6mnx yuddepenunabHbIX 
onepaTOpoB B YacTHEIX mmpovsBozHEx, VJI, 1959. (Slew ee LUSH ObBy Sul 4 eB aaco. 
(89), 3 (1959). 
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Jloxaagu Axagemun nayr CCCP 
1961. Tom 137, Ne 4 


MATEMATHKA 


Akayemuk C. JI. COBOJIEB 
O 3AQAUE HHTEPNOJIMPOBAHHSA ®YHKILMM n MEPEMEHHDBIX 


Ania oTbickaHuaA TpvOmMKeHHOrO MpelcraBseHHA PYHKUMH N MepeMeHHbIx 
p(x) 9JeMeHTaMM 43 HeKOTOPOrO KOHeYHOTO HaOopa MOXKHO BOCIOJb3OBaTbCA 
3HAYUCHHAMH, KOTOpbIe 3Ta (PyHKILWA MpHHHMaeT B HEKOTOPOM KOHEYHOM MHO- 
*KeCTBe TOUeK 


TAR mn ee, Es (1) 


CooTBeTcTBylolwlad 3ajaya Ha3biBaeTCA 3aaueli HHTepMOMMpOBaHHA, a TOUKH 
x() — y3naMH wHTepnomupopanna. Han6omee uacTo BcTpeyaeTca HHTepmou- 
poBaHve Mp MOMOIMLM JHHEMHbIX KOMOHHaluH HeKoTOporo HaOopa dyHKuuH: 


[ME bes 
@ (x) = >) 4,9, (x). *¥ (2) 
v= 


Uacto 3a p(x) GepyT BceBO3MOxKHBIE OMHOWNeHbI X* cTeleHH He BBI- 


me m (3fecb x° oGo3HayaeT x{'x5*,.. x2"), Uncno Takux ofHouneHOB 
M=(m-+n)!/mln!. 

SHayenua moOoh dyHKuHH g(x) B TouKax x‘) o6pasyrioT N-mepHpiit 
BEKTOP-CTPOKY 


pr =op(x™), k=1,2,..., N. (3) 


IlepeHymMepyeM BCE Ile€JOUHCICHHBIE BeKTOPbI &(O, Oo,..., On) C He- 
OTPHUaTebHBIMH KOMNOHEHTAMH TakHe, 4TO |a&| =a, +...ta,<m. Muo- 


oar 


° J 
2KECTBO 3HaveHHH Bcex ofHoutenos x” oOpasyeT MaTpHILy: 


ae 
ky) J 
Sin = ( ) (4) 
M 
c N cron6uamu u M crpokamn. Ilpon3ponbHpt mMuorounen Q = Sajal 
f=1 
OyeM CYMTaTb 9KBABAJICHTHBIM BeEKTOPy-CTpoKe @ (d,, d,..., Ay). SHaveHuA 


sTOrO MHoroweHa B TouKax x) GOyyT, O4eBHAHO, MpesxcTaBAATb co6orw 
BeKTOP 


Q® — aS. (5) 


Gajlaua HHTepMOsJMpoBaHHA COCTOHT B pelleHuH ypaBHenua (5) orHocu- 


hk 
TeJIbHO BeEKTOPa @ lO 3afaHHOMy Q' ) ?. e. BOCCTAHOBJIeEHHH MHOrowleHa Q 
mo ero 3Ha4eHHAM B TOUKAaX x(h), 


Pelenue ypaBHenua (5) um mHorouneH Q onpelensioTcs eMHCTBeEHHBIM 
o6pasom, ecu r(S)=M, uro sosMoxno mpu N>M. IIpu stom cyme- 


cTByeT XOTHA Obl OfHa MpaBan OOpaTHas Matpuua Sz ana S. Torna 


a= aSSi* = QM Sz". (6) 
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Karknyio Matpuuy Sq’ Mbl OyXeM Ha3biBaTb HHTePpMOAAWHOHHOM MaTpH- 
ueH. Jina m1060ro MuHorousnena Q 


Q = QM sax" (7) 
(rme x“ ecTb BexTop (x™, x”,..., x°)). Dopmyny (7) G6yyem Ha3pIBaTE 
HHTepnosAHoHHol dbopmysnok pzma y3nosn x"?,..., x). Eeau N > M, to 


HHTCPpHNOJAWHOHHBIX MaTPHI, H, CJIEMOBATeMbHO, HHTEPMOJAWMOHHBIX copmyiJ 


: h 
6ymeT GecuncneHHOe MHOxKeCTBO. SajaHHbI BeKTOp QQ) moxer CJIY KUT 
BEKTOPOM 3HaveHHH MHOToWeHa B Cyyuae, eC 


(gw) =r(S). (8) 


Ycnosue (8) ecTb ycloBie pa3pelluMocTH ypaBHeHua (5). IIpapaa uactp 
k 
(7) vMeeT, ofHaKo, cMBICA pH mpousBombHoM BexTope Q". Tlogcrapasaa B 
k k 
nee Bmecto Q™) sextop. g™, nonyyum MHorowieH 


N 
POOP os ey eG) ee. (9) 
il é 


P, OyeM Ha3bIBATb MHTepMOJIAIMOHHBIM MHOrOoueHOM JIA (byHKUMH @. 


Moxer cnyautbea, uTo pemenne (5) cyuectByer mpu modnx Q; sto o3Ha- 
yaeT, uro r(S) = N wu, 3Hauut, N<M. IIpu stom cymectByer xoTsa Onl 


omHa jleBpat OOpatHaa Matpuua Sz gua S 
NOS FSG (10) 


Ha emygaax r(S)< N, r(S)< M mpi ocTaHaBauBaTpesa He OyjeM. 

IIpu r(S) = M=N peutenue (5) cymectByeT 4 eMHCTBeHHO, HU 3afaua 
HHTepMOJIHpOBaHHA Ha3biBaeTcA KuaccMHyecKoH. B KayecTBe pHMepa Ha pe- 
WeHHe KJlaccHyeCKOH 3a auH MHTepMOJHpOBaHvA MOKHO yKa3aTb Ha 3ayauy 
MHTepnOJMpOBaHuA MO 3HadeHHAM B y3JlaX HEKOTOPOH CTpyKTypbl Napawuiee- 
MNMMefOB, KOTOPylO MbI Ha30BeM HbIOTOHOBOH. IlycTb s — WemounceHHbIi 
nN-MepHbIH BeKTOP C HeOTPHILaTebHbIMH KOMMOHeEHTAMU, UU TWycTb S—1 ectTb 
BeKTop (s—1)=(s,—1, s,—l,..., s,—1). Kaknomy s tTakomy, 4TO 
|s|<m, TpwBefllem B OMHOSHAUHOe COOTBeTCTBHe Mapanmenenunen II;,, coctoa- 
UHH H3 TOUeK HeKOTOPpOH KyOuYecKOl pelleTKH Cc Warom A vu AMHHOM pedep 
COOTBETCTBEHHO S,h, Soh,..., Sh. Tlycth s® <s®) osnauaer sW) < si), npu- 
4eM XOTH Obi JIsi OfHOrO k uMeeT MecTO HepaBeHcTEBO s < s(?). 

Byjem ropoputb, 4uTO Mapasnenenunenp Il, o6pa3yioT cTpyKTypy, ecm: 

D. 3 s® < s@) cnenyer Ia) CT). 

KoopyuuatTe! x, Mapasnenenunega II, mycrb OyfyT Xn = &s, -+ Ch; 
1=0, 1,..., s,. (U3 cBoficrsa D caegyer, TO Es, He MOMKeT 3aBHCeTb OT 
JPYrHX KOMIMOHEHT S.) 

CoctaBuM cucTeMy MHorousieHoB P, 10 dopmysie 

Spal , 
Pages Meaheey ABD of ye bee 1) (11) 
x) = ST ———————__—_—_———— — 
; T (@—£,_,)/h—s +1) (Hie) ( h 
k=1 l=0 
(Te k, fA KOTOpHIX s,=—O0, B TpousBefeHHe He BxogaT). Muorouner 
P;(k) eCTb MpousBefeHHe dakTOpHaJIbHbIX MHOTOUIeHOB TIO KaxOoH Mepe- 


MeHHoH. On oOpaliaeTcH B HyJb BO BCeX TOUKaX, IpHHawexkallux OGOOMy 
Napannenenuneny Il,*, ecu BbINONHAeCTCA XOTb OMHO H3 HepaBeHcTR s’,<sS,. 


Ilyctb, Janee, onepatop 
No SRAR NR oo AIF (12) 
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€CTb NpOH3SBeMeHHe Pa3SHOCTHBIX ONepaTOPOB NOpAKOB COOTBETCTBEHHO S, 0 
BCeM IIEPeCMCHHbIM Xp, BHIYHCJICHHBIX MO TOUKaM: 


Xp = bea + Pe ae Oy ly ope, osu | (13) 
Jlerko mpoBepsetcax, 4TO 
Asha, ogee AGP, us) ess a (14) 
Jlto6oh MHOrouseH CTeNeHH Mm OMHO3SHAUHO MpescTaBHM B BHe 
oy 
Q - > AsPs;, 
j=1 


Ero KoacpcpunueHTb!l a; MOryT ObITb, B CHJy (14), BbIpaxkeHbI B Cbopme 
asa vALQy sl (15) 


T. @. HalfeHbI yvepes 3HaueHHA Q BO BCeX y3sax cpyKTyppbl. [IpoOmema uHTep- 
MOJMpOBaHHA B 3TOM CJlyyae ABJINETCA KJlaCCHYeCKOH, TaK KaK U4HCJIO y3JI0B 
paBHo B TouHocTH M u r(S)=M. 

na npov3BoubHOK tyHKUHH @ HMeeM HHTePNMOMAWHOHHEIM MHOrOWIeH NO 
ee 3HaYeCHHAM B TOUKAX CTPYKTYPbI 


A 
Pe= >) =P, (x). (16) 


|s|<m 


BaxkHOH 3aflaueH TeEOPHH HHTEPNOMMPOBAHHA ABJIAeCTCA OTbICKAHHE MAKCH- 
MYMA OWHOKH HHTepnoOsAWHOHHOH dopmywbl @(x) = Py(x) B HeKOTOpOM 
Kylacce (PyHKIHH. SHayeHue ITOH OWHOKH B HEKOTOPOH TOUKe Z eCTb (yHK- 
WHOHa Hal PyHKuHeH @Q: 

N 
(J, @) = (z) — Pelz) = (2) — >) Ca (z) p(x), (17) 
h=1 
rye C,(z) = Sq’2’. 
Benuunubl C;, (Z), OY€BHAHO, CBA3AHbI JIMHEMHbIMH yCOBMAMU 


Re te eM ei era FN (18) 


PynKuvonan (j, P) ABAeTCA OrpaHHUeHHDIM JHHeHHBIM B Mpoctpanctse W§” 
(PyHKWHH, yY KOTOPbIX MIpOH3BOAHbIe NOpALKa m WATerpHpyeMbl C KBaspaToM. 
IlostomMy yOOHO paccMaTpuBaTb MaKCHMYyM 93TOrO (yHKWMOHaNa Ha eHHAY- 
HOH cibepe B 9TOM MpocTpaHctTse. 
Sanaga de Hanrn 
max (j, @). (19) 


Hell (m)=1 
Ws 


Peulaetca Tak Ke, KaK H 3aflaua OO OTbICKaHHH MAKCHMAJIbHOM OIHOKH 
kyOaTypHoH dopmyspl. Ilopropaa mpopefeHHble B cTaTbe (1) paccyxeHus, 
HalieM, 4YTO SKCTpeMaJIbHad (yHKWMA eCTb pellleHve ypaBHeHHa 


N 

A™u = (—1)"[3 (x —2) — 3} Ca(z) 6(x—x)], (20) 
k=1 

YROBJIETBOPAIOMee YCJOBHAM 


t 
BORE Op ULM Oe ae ae (21) 
IKCTpeMasIbHAaA (yHKWLHA, a Cc He H MaKCHMaJIbHO BO3MO%KHAA OWMOKA 


3aBMCAT, TAKUM OOpasoM, OT TOrO, B KaKOM OONacTH 3afaH KNace paccMaTpH- 
BaeMbIX Hamu dyHKunt. Mbt umeem oOOuLy!0 OLeHKy: 


Ii, 1 SK (Q) [lly ays (22) 
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Ilyctb 22 yoxe, uem 2,: Q,C Q,. Torga skcrpemanbnan dynKuna B Q, 
onpefeseHa Takxe B ,, yNoBeTBOpseT TaM TOMy 2Ke ypaBHeHuto (20), 
HO, BO3MOX%KHO, yxKe He OyJleT TaM SKCTpeMasbHOl. Kpome toro ee Hopma 
B 9TOH OONacTH OyfeT MeHbIe eqHHHULI. Takum o6pasom: 


max (j,9)< max __(j, 9). (23) 


| = = 
Helymayy wh (23) 


CyeqopatesbHo, nocTosHHad K (Q) yObiBaer npn paciimpesnu o6snacrTu. 
TlokaxkeM, 4TO OHA CTpeMHTCA K HEKOTOPOMy OlIpefemeHHoMy mpenery K™ npu 


' HEOrpaHHYeHHOM PpacliMpeHHH o6acTH. asa STOrO MocTaTOYHO YCTAaHOBHTh, 


4YTO ypaBHeHHe (20) MMeeT pellieHHe BO BCeM MpocTpaHcTBe, NpHHalwiexa- 
mee WS, 
Ilyctb G(x) ecTb 9neMeHTapHoe peilleHve ypaBHenns 


AT Gi (= 1)" 6 (x). (24) 
Kak W3BeCcTHO: 
G=xr"—", n HeueTHOe; Gane lor sti. im aerdoe, + (25) 
Ilokaxem, 4TO *yHKIHA 
N / 


p(x) = G(x —z)— Dj Cy(z) G(x — x) (26) 


k=1 


_ TpHHassexuT WS” u, cnenopatenbHo, ABJIAeTCA EMMHCTBEHHBIM 9KCTPeMaJIbHbIM 


gnemextom BW” pasa cbyHKunonana (j, @). 


na sToro pa3ioxKXUM NpOH3BOAHbIe NopaAAKa m oT dyHKunn G (x) — x) 
B pAjl 10 cTeleHAM X B HeKOTOPOM Kpyre payuyca A >max[|z|, |x|]. 
Vimeem: 


Ba 
DPC (#9 — x)=] ey + RH) = VP (x, 2) + RE, x), 
|al<m ; Y ine (24) 


roe Q ecrs mMHorowneH cteneHH m or x, a R” (x, x) ynoBmeTBOpseT 
He€paBeHCTBY 
Ri axe <eKr, Jere, (28) 


ClipaBeqJIMBOMy pH foctTaTouHO OoubWIMX fy. B cuny ycaosua (18) uMeem 
(j, D°G (x — x)) = (j, R (x, x)), orkyna 


(i, D°G (x — x))| = [De p(x) |<[1 + D)|Cal| Kotler. (29) 


Bo. 1p 
3 NOJYYeHHOrO HepaBeHCTBa CJlewyeT CXOMMMOCTb HHTerpaia \|D rp | dx 


C MOObIM p, GOOJIbIIMM eAMHUIbI, a 3HAYHT, OfpaHHYeHHOCTb HOPpMBbI %p (x). 
IIpencrapaser uHTepec 3afjata 06 OTLICKAHHH ONTHMAaJIbHOH HHTeEpNOMALMOHHOH 
OopMysIbI Np sayaHHEx y3snax x), ecnu N > M. [pu sToM MoxKHO BOCHOsb- 


al 
30BaTbCA MpOH3BOJIOM B OMpefenenun Sg [A MMHHMU3ALWM OLIHOKH. 


Vucrutyt MaTeMaTHKu Tlocrynuto 
Cu6upcKoro orgenenua AKayemuu Hayk CCCP 25 I 1961 


IMTHPOBAHHAA JIMTEPATYPA 


HG i. Cooones, WAH, 187, Neste 961). 
St 


~ 
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HWornaaygn Akawemun Hayk CCCP 
1961. Tom 137, Ne 4 


MATEMATHKA 


JI. B. TAAKOB 


O PACXOMHMOCTH, PS OB ®YPbE 


(I pedcmaeaeno axademuxom A. H. Koamoeopoétim 4 XI 1960) 


(oe) 
1. H. H. Jlysun (') nocrpons TpuroHometpHyeckHh pal o + Me ap COS RX 4+- 
: h=1 


+ b,sinkx c Kosdpduinentamu, CTpeMAWIMMHCA K HYJIO, KOTOpbIM Heorpa- 

HHYeHHO pacXOAuTCA MouTH Bclosy Ha [0, 2m) *. B Janbneviuiem aHaslorHuHan 

Z3ajlaua pacCMaTpHBasJacb JIA TPHTOHOMeTPHYeCKHX PAJOB, Ha KOTOPble Haksia- 

IbIBaHCb Bce OdJbiuiMe MH OdNbIHe OrpaHHueHuaA. A. H. Kommoropos (?) 

Jal mpumMep psyza Dyppe — JleGera, pacxofallerocaA NOUTH BCIOMY, a HECKOJIbKO 

mo3xKe (*) — npuMep psjla Pypbe, pacxosauleroca B KaxKOH TouKe. B npHMepax 
(ee) 


A. H. Kosmoroposa conpsxkeHHBI pay ws a, sin kx — bpcos kx He ABAAeTCA 
k=1 

panom @ypbe (cM., HampunMep, (°)). CmremyioulmH war Onl chenan Xapyu 

wv PorosuHckuM (°): OHH TOcTpoHsH pacxosAuMlca NouTu Bcloxy pay Dypee, 

CONPS2KeHHbIM C KOTOPbIM TakiKe ABJIAeTCA pawlom Dypee. 

IlapannenmbHOo Benocb H3y4eHHe MHOXKeCTB CXOMMMOCTH HW paCXOJHMOCTH 
TPHIrOHOMeTpHyuecKHX pxoOB. Kak H3BecTHO (7), MHOKeCTBa TOYUeK HeorpaHH- 
YeHHOH pacXOMMMOCTH NOCMeEMOBATeJIbHOCTH HelpepbIBHbIX (PYHKUHH Ha 3aMKHy- 
TOM MHOKecTBe uMeloT THO Gs. Xepuor u IInpanan (8) nocrpounmm ana 
3aflaHHoro MHOKecTBa FE Tuma Gs Ha eqMHHYHOM OKpyxKuHOcTH pag Telinopa, 
KOTOPbIH HeorpaHHuyeHHO pacxoguTca Ha E uM CXOAHTCA Ha JONOJHATeIbHOM 
MHOxecTBe; 3aTem C. B. Creuxun (*) nmoctpous) TpHroHoMeTpwyueckni pag, 
KOTOPbIM CXOMMTCH Ha 3a,aHHOM MHOxecTBe FE C [0, 2m) Tuna F, Mu Heorpa- 
HHYeHHO pacxogutTca Ha EF, = [0,2n)— EF; naxoneu, Llennep (1°) noctpoun 
pa, Mypbe c yKa3aHHbIMM BbIIe CBOHCTBAaMH. 

B HactosmeH 3aMeTKe OKa3bIBaeTCA TeopeMa Oosee TOUHAA, YeEM TeOpema 
Ilenepa. M3 Hee, B YaCTHOCTH, BbITeKaeT CyIeCTBOBaHHe Mapbl COMpAKCHHBIX 
pafop Dypbe, HeorpaHHYeHHO pacxOAMHxcA B KaKJOH TOUKe. 

tee ee HECKOJIbKO Ooslee ca60H TeOpeMbI ONyONHKOBaHa MHOIO 
Baas): 

2: JlemMMa dl iigcme: a, bVc 10, 250). fe, tice (GD see eerie 

cyluecmeyem mpueoHomempudeckuu NOAUHOM 


N 
T (Xe ~ == >) a,cos kx -+ basin kx, 


kR=1 


obAadarnluli CAaeOyIolUumU céeolicmeamu: 
I) [ITI = \|T (lax <8; 


0 f ai \\\ 
iO |] ] 


}//] 
Ocx#, / Hl] ‘ 
* Kak noKkasa C. B. Creuxnu (7), ms- i Pens H. H. Jly3unpim tTpuronomerpuyueckHit 
pA (akTHuecKH paCXOWHTCA B KaxKAOH TOUKe. 
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2) dan ecex x €[0, 2)\ [a, 6], |Sp(%, T)| = 


h é 
2+) a; cos jx-+0; sin jx| <e 
i=l 
‘ é 
non T) | =|> a; sin jx — b;cos jx| <e, Pe ee 
j=1 


3) Onn ecaKoeo x E[c, d] Haiidemca Homep ky makot, umo | Sp, (x, T)| > 1/e. 
Ira JeMMa lpefcTaBuiseT COOoM HeOOMbUWIOe BUOM3MeHEHHe OMHOFO pesystb- 
tata A. H. Kommoroposa (cm. (}*), § 8.404) u poKaspipaetca ananoruunHo. 


Js Kaxkoro HaTypasbHOPO N MOCTPOHM TOUKH nay ta Ole Pee ore. 
20 32 (Ga) Phy 
H BbIOepeM fy TaK, 4YTOOBI Ree exe min { Tat | = 6. Jina kaxygoro 


n>, cpeqM ToweK JeneHHA xX; BbIOepeM TOUKYy xX;,, OmMKaluryIo cweBa 
K TOUKe C, WH TOUKY x,,, OMxKalUTyIo cipaBa kK TouKe d. V3 nomnHoma 
Meviepa Kon (nti)(x) NopsykKa 2n(n-+ 1) coctaBumM nlOoMHOM 


hy 
@ (x) =— ys Keon (ntay(% — x1), roe m’=i,—1,+ 1. 

115 / 
Buidepem y= n(n) Tak, 4uTOOD!E MpH x*,—HnN Ox x,-+ 7 BbINOMHANOCE 
HepaBeHcTBO = K entis(% — X1) S>n(n+1)/2 u cymma Jinpuxne nopspKa 
2n(n-+ 1) Opiga monowKuTenbHa, T. eC. Don4yy(x — x7) > 0. 

Hlonomxum h = (a+ c)/2, e = (d+ 0) /2.yctb x,, ectb Touka, 6OnmxKaiiulaa 

cepa K TOUKe A, a TOUKA Xy,— OH KalilllaA cpaBa K TOUKe e CpeH BCcex 
TOUCK Xo, V=0,1,..., nm. PaccmMoTtpum TpHroHomeTpHyuecKkHi TONHHOM 


1x j 
v=Vo 
Uucna my,,,..., My, BbIOepeM Tak, UTOOD! BLINOJIHANHCh CeLyioline yCOBHA: 
My, > (2n + 1); Kawpomy x €(xj;+ 1, Xj41—N), 2V9 Sj < 2v,, coorbercrByet 
HaTypambHoe R=k, Takoe, uTO m;QRk< mj, sin(k + 3/2) (Xe — x) > 1/5 
u 2k+-1 sBnasetca KpaTHbIM 2n-+ 1. Bos3mMoxuHocTb Takoro BblOopa my 
noka3aHa A. H. Kommoropopnm (cm. (??)). 
Tlono*xuM 
T (x) a Q (x) + P(x) 
(In n)/2 ? 
IIpu foctarouHo 6onbmIoM n NomMHOM T(x) OyfeT YOBJeTBOPATb BCeM 


yCJIOBHAM JI€MMBI. 
JlemmMa 2. ITycmo M>0O. Toeda Ona ato6o2e0 mpueonomempu4ueckozeo 


nNOAUHOMA 
N 
Fai > + >| a, cos kx -+ b, sin kx 
'v kR=1 


HalioemcaA mpueoHOMempuYecKulL NOAUHOM Buda 


R 
i) » cr cos kx + d,sin kx, 
h=Q 
20e Q > M, maxkoti, 4mo Oaan arwboe0 x €[0, 2m) 


OISIT OL 1F)1<IT (0), ) 
4 sup |Se(x, T)1<sup |Sa (es | <sup Sle, OF 1S FY.) 


Jloka3ateabpetso. [lonox*Kum 
i (x) ="), (cos Px sin SPX) T (x), 
roe P=M+N-+1. Torna 
t (x) =f, (sin Px — cos 3Px) T (x), 


H CBOHCTBO (1) O4eBHAHO. 
Jloxaxxem cBolicTBo (2). CnpaBeluBbl crleqyioulve ToxKecTBa: mpH RKP 


Sp (x, t) = 1/4 {cos Px [T (x)—Sp_p_-4 (x, T)]+sin Px Vie) — Spee T)]}; (3) 
mph PORKP+N 


Si (Gy b= fo (COS PA ORE pA fran ae eae (4) 
nph P+N<k 
Srth&, tC) = Ye (COS Peel (Xi, Ad) asian 2s. (5) 


Bropoe cmaraemoe B paBeHcTBe (5) pacnvcbiBaeTCA aHaNOrMUHO paBeHCTBaM (3) 
u (4). 

OueHHBaa mo Mofysmo (3), (4) u (5), MbI MOuyUHM MpaBylo yacTb Hepa- 
BeHcTBa (2). 

JloKkaxKeM JleBy!0 UacTb HepaBeHctTBa (2). BuiGepem ky Tak, 4TOOI 


Sup | Sr (is T)| ood Shy €3) Jig). 


Torga 
cos Px:Snp, ee ae) == Sp+p, (%, t) ae sh (x7 Es 


Ecan | cos Px| t>1/.,>T0 


| Spa, (%, £) — Spa, —a (4st) | 27a] Sey (¥ oT) = [sup | Sa (¥,T)]. 


CnefopaTesbHO, OMHO U3 CuJlaraeMbIxX He MeHbille, vem '/,sup|Sp(x, T)|. 
k 


Ecam xe |cosPx|< 14/5, To |sin3Px|>1/,, H MbI MO2%KeM BOCHOJb30BaTECA 


JIA OW€HKH MOmMHOMOM sin 3PxT (x). Comps KeHHbI MOMMHOM ¢ (x) paccmaTpH- 
BaeTcd aHamoruyuno. JiemMa NomHOCTHIO AOKa3aHa. 

3. Teopema. IIycme E C (0, 2m) —npous30ren0e mHoxcecmeo muna F.. 
Toeda cyiyecmsyem napa conpaxcenHolx psdo8 ee cxodaumuxca Ha E 
u HeoepanuenHo pacxodawuxca na E, = [0, 2%)—E 


Noka3sateabcetTso. Jina orpesKos, ‘ygos.tetsoparontnx yCJIOBHAM 
(Ck, dr) C [Ar, bn] C (0, 20), w wucen eg=2-*, R=1,2,..., mbt moxem, 
Onupascbh Ha siemMbl | u 2, NOcTpouTb mo MEY KIM TlocleOBaTebHOCTE 
TIOJIMHOMOB 


9h 
Tig (st) = 2 a, cos n¥* + b, sin nx, 

YHOBJIETBOPHIONLUX YCJOBHAM: 

Dp ye Gyn 

» [egal I linree a 

3) ee Bcex mu x €[0, 2) — [ap, Op] 

Sh GRE or eelon (ee ee 
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| 4) ana BenKoro x €[c,, d,] Haligetca Takoe HaTypambHoe p >p_, uo 
| 


|S () Cri. 5 S09 Coy yee oe 


r 
Tlomp3yacb KoHCTpykuMeH Xepyora — Ilupanana — Lleanepa (cM., Hanpu- 
Mep, (°)), Mbl MOxKeM NOCTpOuTb pA, Pypbe, KOTOPbI yAOBMeTBOpAeT TeOpeme. 
OrmeyeHHoe B i. | CueCTBHE STOM TeOpeMbI MO2KHO ObINO Obl TakxKe 
NOJyUHTb 43 NoWMHOMoB A. H. Konmoroposa (cm., Hampumep, (17)) u semMpr 2. 


MatemaTHueckuHii uHcTHTyT uM. B.: A. Crekopa Tlocrynu0 
' Axajnemuu Hayk CCCP 30 X 1960 
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MATEMATHKA 


ll. JI. YJIBAHOB 
PACXOAALIMECH PAbI ®YPbE KJIACCA L? (p>2) 
(IT pedcmaeaexo axademuxom IT. C. Aaexcandposoim 28 X 1960) 


Ilyctb {@z(x)} (k = 1, 2,...) — oproHopmupoBanHas cucTema Ha oTpe3- 
Ke fa, b]. Muorue aBtopbl 3aHMMasIMCb BOMpOCcoM NOcTpoeHHA pacxoLAuuxcA 
(Ha TOM HJIH HHOM MHoxkecTBe) pAqoB Dypbe Bua 


>} Cen (2). (1) 
k=1 


A. H. Koumoropos (*) BnepBbie NOCTPOHJI NPHHUMNHaAIbHO BaxKHbIN NpuMep 
cbyukunn f (x) EL (0,20), TpuroHometTpuyeckuh pay Dypbe, KOTOPOH pacxo- 
ATCA TouTH BcOLy Ha [0,20]. HeckombKo no3xKe OH Ke NOCTPOUI MpHMep TpH- 
roHOMeTpHyeckoro psa Dypbe, KoOTOpbIH pacxoyutcs Bcrofxy (*) (cM. TakxKe 
(°), etp. 175). B fanbHetutem 3TH pe3sysbTaTHI O6oOmIaNHCch B pa3JIM4HbIX 
HallpapieHuax. B paOote (1°) Hamu aH 0630p OCHOBHbIX Pe3YyJIbTATOB, OTHOCA- 
WMXCA K MOCTPOeHHIO PaCXOAAMIMXCA TPHTOHOMeTpHYeCKUX pAOB Dypbe Kwac- 
ca L, oOaqarouluxX TeM HIM HHbIM JONONHUTesIbHbIM CBOHCTBOM. 

Uto kacaetead OOWMX OPTOFOHaJIbHbIX PAOB, TO B 3TOM HalpaBJIeHHH (yH- 
aMeHTaIbHble pesy/bTAaTH! Opin nomwyyenp JI. E. Menputoppim. Tak, B uact- 
HOCTH, OH BiepBbie MocTpous (*) NpuMep BCIOLy pacxofauleroca OpTOroHavb- 
Horo paga Dypbe kuacca L?, T. e. NpHMep BCIOLy pacxo,auleroca pawa Bula 
(1) ¢ ck < oo (cm. Takme (?), crp. 537). B qanbuelinem, 9TH pesybTAaTEI 0606- 
manmucb Taxnfopu (°) (cm. Takxe (*)). 

B CBA3H CO CKa3aHHBIM, e€CTeECTBEHHO BO3HHKaeT BOMpOc O CYyMLeCTBOBaHHH 
TPHTOHOMETPHYeCKHX PAOB 

lee) 
ss (a, coskx + bp sin kx) c 


Rt R 


MS 


(ai, + b2) < 00, (2) 


I 


1 


KOTOPbI€ PaCXOAMJIHCh Obl HA MHOKECTBE MOJMORAUTEMbHOK (HIM MOJHOM) MeppHt. 
OTOT Borpoc Opi nocTaBuieH H. H. Jly3uupm ((°), erp. 219) 45 ner Hasan; uMeH- 
HO, OH FOBOPHT O BepOATHOCTH TOrO, YTO BCAKHM TPHYTOHOMeTPHuCCKHH PAL 
@ypbe Kuacca L* nouTH Bclohy cxoqutTca. B HacToasilee BpeMA Ha yKa3aHHblit 
BOMpoc He HMeeTCA OTBeTa. CoBeplieHHO B TaKOM Ke MOJOKeHHH HaXOUTCA 
M BOMpOC, OTHOCALIMHCA K CXOAMMOCTH TPHrOHOMeTpHYeCKUX pxAXOB Dypbe oT 
HeMpepbIBHBIX PYHKUMH WM OT dyHkWHMA Kacca LP c p>. 

Jlanee, B pa6ore A. H. Kowmoroposa u JI. E. Mexputopza (°) Onto ccbopmy- 
JIMpOBaHO CJlekyloulee yTBepxeHHe (mpHHadexanjee A. H. Kommoroposy): 

Cywwecmeyem cbynkuyus f (x) € L? (0,20) maxas, «mo 4renol ee mpueoHomempu- 
deckoeo pada Pypbe MOHKHO NepecmasumMb mak, uMOOvL BHOG NOAYeNHoLtL pAd 
pacxoduaca noumu ecrody xa [0,20]. 

Tak Kak MbI HHYero He 3HaeM O CXOAMMOCTH WIM pacXOAMMOCTH PALOB Bua 
(2), TO yKa3aHHoe yTBep2KAeHHe ABJIACTCA BaXKHbIM U IIPHHUMNHaJIbHbIM. Ho 
yTBepxeHHe, BbIcKasaHHoe A. H. Kosmoropospm mourn 35 mer Hasal, Obl0 
npHBeweno Oe3 oKasatebeTBa. JIMMIb B CaMoe MOCe_Hee BPeMA MOABUACb 
pa6ota 3aropcxoro ("), B KoTropoli, xoTa u 6e3 No_po6Horo WoKa3aTesLcTBa, 
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MpHBOANTCA CxeMa TlOCTpOeHHA yKa3saHHoro psa. Umenno, Saropcekuit onucpl- 
BaeT, KaK HyXHO MepeCTaBIATb TPHFOHOMeTpHYeCKYIO CHCTeMY, YTOObI MOXKHO 
ObIIO CTPOHTb COOTBETCTBYIOILHe paCcXOMAlHecA psx. 

B HacToAulee BPEMA YXKE MOXMKHO CUMTATH, MCXOMA U3 ONYOJIMKOBAHHOH pa- 
— 6ornt 3aropexoro (4), uTo yrBep»xqeHue A. H. Koamoropopa BoccraHosveHo. 
Hrak, cipapeqiusa 

TeopemaA. Cywyecmeyrom noumu 6crody pacxodaujueca ps0. Pypoe 
Kaacca L? no nepecmaerennot mpueonomempuuecKkou cucmeme. 

Ornpapiasacb oT Teopempt A, Mp! JoKa3auu ((11°), erp. 828), uro umMeer mecTo 

Teopema l. Cywecmeyem dynxuyuan F (x) EL? (0.2m) npu ecex p > 0 
makas, 4mo OAK Atob020 memoda cymmuposanus T* ureHbi mpueoHOMemptu4ecKoeo 
ps0a Pypoe dynKyuu F (x) moocHO nepecmaeumb mMaK, 4“MOObL BHOBL NOAYLENHOLtE 
ps0 He OblA cymmupyem memodom T* noumu ecrody Ha |0,2n], m. e. pad Pypoe 


 dynKyuu F (x) no nepecmaerenHott mpueonomempuueckot cucmeme OyOem noumu 


ecrooy He cymmupyem memodom T* 
SameTHM, 4TO KIacc MeTOoB 7” CosepxKHT B ce6e BeCb KACC peryAAPHbIX 
mMeToyoB Tenuta. 
B cBa3u c Teopemol | mowesHO OTMeTHTb CJIeLyloulNe WBA OOCTOATEIbCTBA: 
1) HenocpefscTBeHHO H3 xofla oKa3aTesbcTBa Teopempr | ((1'°), crp. 829) 


_ BUHO, YTO TPHrOHOMeTPHYeCKHii PAX (BIpaBHbHOM TlopsAtKe) Pypbe yHKuuH 


: 


F (x) MOXKHO CUHTaTh CXOAAUIMMCA MouTH BCcIoxy Ha [0,20] u uTo 


27 


\ ecP) dx < 00 (3) 
0 


is soo moctosxHHoKk C >O0. OueBuyHo, 4TO BbINOJHeHHe HepaBeHcTBa 
(3) ABAAeTCA Oojlee CHJIbHbIM yTBepxKAeHHem, 4emM To, 4ToO F(x) EL? (0,27) 
ipH Beex p > 0. 

2) TpuroHometpHueckue pagnt Dypbe Bua (2) 0OA3aHbI MOUTH BCIOLy CyM- 
MMpoBaTbcA, HalpumMep, meTogamu Uesapo (C, a) ca > 0 ((), erp. 54), a ne- 
pecTaBsIeHHble paqbi Dypbe, Jame KnaccoB L?c m00bIM p > 2, He OOA3aHBI OGWAa- 
JlaTb TAKMM CBOHCTBOM, KakHe Obl MeTOJbI CYMMHPOBaHHA MbI HH Opavin. 

PacxofumocTb (H He CYMMMpyeMocTb) MepecTaBJIeHHbIX TpHroHoMeTpHue- 
CKHX pagoB Dypbe knaccaLPcl < p < 2, Opiia No{poOuo ucceqoBaHa Hamu 
B padotax ('4 °). 

B nactosmlel padorte MbI TIpHBeyem YTBepxKMeHHA, OTHOCHIMMeCH K pam 
mo cucteMe Youmua {@,(x)} ((1°), erp. 18 wu (7), erp. 155) uw mo cucteme Xaapa 
{XK (x)} ((?), cTp. 57). Haake nam monagoOurca yTBepx enue, KOTOPOe ObIJO 


* joKka3aHoO aBTopom ((14°), crp. 816). MmenHo, cnpaBeamuBa 


Teopema B. ITycmo dynkyuu f,(x) (Rk = 1, 2,...) onpederenot Ha usme- 
pumom mHoocecmee E u lfr(x)|dx<C (kR=1, 2,...), ede C—nexomopaa 
E 


nocmosnnan. Toeda, ecau psd 


Dy Cafe (x) (lim | ex| = 0) (4) 
tv k=1 k->0o 


pacxodumcsa noumu ecrody na E, mo Oas awboeo memoda cymmupoeanua T* 
4NeHblL pAOa (4) mooKHO nepecmasumb mak, 4umMobbl BHOBb NOAYYeHHOLli PAO 
Oola He cymmupyem T* noumu ecrody na E. 

BywousmMeHasd KOHCTpykKuMio SaropcKoro (') COOTBeTCTBYIOULMM O6pa30M 
M Mcnoub3ya Teopemy B, MoxKHO JoKa3aTb, 4TO CIpaBeJIMBbI CleqyloulMe ABe 
| TeEOPeMEl. 

Teopema 2. Cytuecmeyem dynkyua F (x) EL? (0, 1) npu ecex p> 0 
makas, 4mo OA @cAKOoz20 memoda cymmupoeanusa T* Hekomopoitt nepecmabren- 
Holt p20 Pypoe @ynkyuu F (x) no cucmeme Voawa {Wp (x)} He cymmupyem memo- 


_ dom T* nowmu eciody xa (0,1). 
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Tak Kak dbyHKuun Youuula , (x) MpMHMMaroT MOUTH BCIOLy TOKO 3Ha- 
yeHia + 1, To Teopema 2 ABJIAeTCA yCusIeHHemM TeopembI Kosmoropopa — Mexb- 
wopa ((°), Teopema 1), B KOTOpoH yTBepxKaeTcA, 4TO HalifeTcA BCIOLy pacxo- 
WAULMUCA OPTOPOHaJIbHbIM pA (1) u3 Knacca L? urge *_, (Xx) NPMHMMAIOT JIHUIb 
3HayeHua + 1. 

Teopema 3. Cytwecmeyem qdynkyua F (x) €L? (0,1) makasn, umo Oaa 
ecsko2o memoda T” Hekomopelti nepecmaerenHuti pad Pypve qynKuuu F (x) 
no cucmeme Xaapa {y\") (x)} Ke cymmupyem memodom T* noamu ecrody na \0,1). 


M3 Teopempl 3 BbITeKaeT PAL YTBeEPxKAeEHHH, KOTOPb!e MIpeACTAaBJIAIOT H CaMO- 
CTOATeJIbHDIM UHTepec. IlpeqBapuTesbHO HaMOMHHM HM BBeeM OMNpeleeHHa: 

Onpefheneuune l. WyHKyMOHaIbHDI pa Ha3spiBaeTcH CmMa6o 
Oe3s3yCMOBHO CXOAAUUMCA NOUTH Bcioly Ha EL, eCAM OH CXOMMTCA 
NouTH BcWOAy Ha £ np mobo ciadol MepecTaHOBKe WIeHOB *. 

OtmMeTHM, UTO onpezeneHHe | 6pluio BBeqeHO Hamu B pa6ote (”). 

Onpefeneune 2. Ilyctb {@, (x)} — oproHopmMupoBaHHana cHcTemMa Ha 
{0,1]. Torga cuctema {@, (x)} Ha3prBaeTcA CHCTeEMOH CXORUMOCTH, 
eCJIH BCAKHH px 


POPE tan Chis Cane (5) 


MOUTH BCIOmy cxofuTca Ha [0,1]. 

Onpefheneune 3. Cuctema {gz} HagpiBaeTcA CHCTEMOH 6€3- 
VYCAOBHOMY CX OL MOGI (CC mat ONO sy Caro eno Macrae: 
MUMOCTH), eCJIH BCAKHH pad Bua (5) OesycIOBHO (COOTBETCTBEHHO Cc1a60 
Oe3yCJIOBHO) CxofsuTcH noyTH Bcroxy Ha [0,1]. 

JlerKo JoKa3aTb, UTO BCAKAA CHCTEMA CXOJMMOCTH ABJIACTCH CHCTeEMOM CJla- 
Ooh Oe3sycJIOBHOH CXOMHMOCTH. 

Hspecruo ((*), crp. 143), uro cucrema Xaapa {y“") (x)} aBuseTca cucTemos 


CXOJMMOCTH HW, CTaIO ObITb, CHCTeMOH ciaOoH GesycJIoBHOH cxofumocTu. Teo- 
pema 3 mokasbipaeT, UTO CHcTeMa Xaapa He ABJAeTCH CHCTeMOM OesyCJIOBHOK 
cxo4umMocTH. Takum o6pa30M, MbI oJlyyaem: 

Teopema 4. Cywecmeyem opmoxopmupoeannaad noAHasd cucmema, KO- 
mopas seasemcaA cucmemol cxodumocmu (cucmemou caabol OesycaceHot cxodu- 
Mocmu) U He seAsemca cucmemot OesycaoeHol cxoOumocmu. 


Teopema 5. Cytyecmeyem qbyHKyuonaabHelti psd 


> in(x) (x€[0, 1], f2(x%) usmepumen), (6) 


Y KoMOpoeO BcAKUU YacmUYHot pPAd ey Tny, (X) (11 <2 <...) Cxodumca noumu 


k 
ecrody Ha [0,1] u, mem ne menee, ps0 (6) nocae HeKomopotl nepecmaHosKu “AeHOB 
pacxodumca noumu ecrody na [0,1). 

Tlone3HoO OTMETHTb, YTO eCCJIM MbI paccMaTpHBaeM PAJbI 


ii 


n=1 


(7) 


ny 


rye f, — 9leMeHTb! MpocrpancrBa Banaxa B, To, Kak foKasa Opn ((2), 
cTp. 42), cxo.uMocTb (10 Hopme B B) Bcex YaCTHYHIX pALOB oT psa (7) 9KBH- 
BaJICHTHA CXOAMMOCTH psa (7) TIpH sOOOM NopsAKe ceqoBaHHA ueHoB. Ta- 
KOrO 2ke THMa yTBepxAeHve WoKasaHo OpviMuem (*) u WA cay4axn, Korga pac- 
CMaTPHBaeTCA CXOMMOCTb lO Mepe (PYHKIMOHAI_HBIX pAoB. Takum o6pa3om, 
Teopema 5 yka3biBaeT, YTO B JAHHOM BOMpoce clyyaii CXOAMMOCTH NOYTH BCIOLy 
MpPHHIMNMaIbHO OTIMYaeTCH OT CJly4YaeB CXOMUMOCTH HO Mepe HJM lO Hope. 

Hanee, Uteiturays (!*) qoxasa, uro cuctema Pagemaxepa ((?), erp. 55, 147) 


: " 
Tlepectapienuplli narypambubiit pa UMced HasbiBaeTcsH c a6 0 nepecTaB/IeHHBIM Ha- 


TYPAJIbHEIM PAOM YHCe/l, ECM OH pasOHBaeTCH HA KOHE 4YHOE YHCO BOSpacTaOMINX M0- 
cJleOBaTeJIbHOCTEeil. 
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ABJIACTCA CHCTeMOM OesyCcJIOBHOM cxogqumocTH. Ho cuctema Pajemaxepa He nou- 
Ha. Bompoc 0 Tom, cCyllecTByeT JM 10 2HASA OPTOHOPMHpoBaHHaA cu- 
cTeMa Oe3yCIOBHOM CXOAMMOCTH NOTH BCIOLY, B HaCTOsIee BpeMA He pellleH, 
Mel Mors Obl MpelmoularatTb, YTO TaKOH CHCTeMOlt ABsIAeTCA CucTema Xaapa, 
Tak KaK OHA ABJIAeTCA CUCTeMOH CaO OesycIOBHOH cxoyumoctu. Ho Teope- 
Ma 3 TOKa3bIBaeT, UTO 3TO He TAK. 

CcopmyIMpyem elle JBe TeOpeMbI, OTHOCHAILMeCA K TOMY 2Ke Kpyry BOMpocos. 

Teopema 6. Cywecmeyem opmoeonarcHolti psd 

oo co 


>) anga(x) ¢ Dd) ak<co (gx (x)|<C, C = const), (8) 


k=1 k=1 
Komopettt ecrody Ha [0,1] cxodumca u, mem He MeHee, He ABAEMCA CAaOO besycaoe- 
HO cxodsuumcn. Bonee moeo, ps0 (8) nocae KeKomopoti caaboti nepecmanosKu pac- 
xodumca noumu ecrody xa (0,1). 

Teopema 7. Ecau pxd (1), ede {pp} — OpmonopmupoeaHnHan noaHasn cu- 
\ cmema (UAU {Px}—OPMOHOPMUPOGAHHAA CuCcMeMa, O2PAHU4LEHHAA B COBOKYNHOCMU), 
CNAOO O€3YCAOBHO Fe nowmu é6crody Ha mHoocecmee EcmE > 0 (coomeem- 
cmeenHo xa [0,11), mo 


co 
lima], | == 0 [coonsememacno 3 Ch < ~| (9) 
k->00 kR=1 

YTBepxKeHve Takoro THMa, Kak Teopema 7, JIA cyan GesycOBHO CXo- 
JMMOCTH ObINIO WOKa3aHo Hamu pauee ((11°), cTp. 832, 833).OTmeruM, 4TO AA 
Hallepey, 3a,aHHOH OPTOHOPMHPOBaHHON CHCTeMbI YCJIOBHA (9), BoOOULe roBops, 
He ABJIAIOTCA JOCTATOUHbIMU JIA Ca6on OesycJIOBHOH cxosumoctTH para (1). 
EcuiM 2Ke Mbl pacCMaTpHBaeM BeCb K1aCC OPTOHOPMHPOBaHHbIX CHCTeM, TO 9TH 
YCJIOBHA CTAHOBATCA JOCTATOUHBIMH B CuJleyIouleM cMbIcue: ecu lim |c;,|=0 

R oo 

TO HavjleTCA OPTOHOPMUPOBaHHad NOJHAaA CuCTeMa {@,}, (HalpuMep, MepecTaB- 
JeHHaA CHcTemMa Xaapa) Takaax, uTo pag (1) cna6o SesycJIoBHO CxXOMUuTCA Mo- 
ut sciofy Ha [0,1]. Ecnu xe Xc? << oo, To HaligeTca orpaHwueHHasi B Co- 


BOKYMHOCTH OpTOHOPMHpOBaHHaA CHCTeMa {@,} (HalpuMep, MepecT aBsieHHaA 
cuctema Youuua, cucrema Pajlemaxepa u Ap.) Takaa, 4uTo pag (1) cmado Oesy- 
CJOBHO CxofuTca mouTH Bcoxy Ha [0,1]. 
Hakouell, IpuBeyem ellie OMHY Teopemy, HMeIOMLy!IO TuMoTeTHueCKHH Xapak: 
Tep M OTHOCAMLyIOcA K TPHTOHOMeTpH¥eCKHM pxAaM B TipaBHJIbHOM TOpsAKe, 
Teopema 8. Ecau cytyecmeyem nenpepoienan xa [0,2 mn] mynKuyua f (x) 


_ (uau FEL? npu nexomopom p > 1), mpueoHomempuueckuti pad Pypve Komopott 
pacxodumca Ha mMHODIcecmMée NOACICUMeALHOL Mepbl, MO cYyLUeCMeyem Henpepole- 


a 


Had dynKuusn F (x) (coomeemcmeenno F EL’), pad Pypve Komopot neoepanu- 
4eHNO pacxodumca noumu é6ctrody Ha (— oo, + 0d). 
OTa TeopeMa NoKa3spiBaeT, YTO HH BCe TPHroHomeTpHuecKkHe pxybI Pypbe 


Kuacca C (knacca L”) nouru Bcloy CXOLATCA WIM Ke cyllecTByloT patL! Dypbe 


u3 Ksacca C (coorsercrBeHHo u3 L”), KoToppbie MOUTH BCIOLy pacxoATca Heorpa- 


HHUeHHO. 
Mockorckul rocyJapcTBeHHbIli YyHUBepcuTerT Tlocrynuio 
um. M. B. Jlomonocosa 25 X 1960 


UMTHPOBAHHAA JIMTEPATYPA 
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Hokrnaage Akagemunu nayr CCCP 
1961, Tom 137, Ni 4 


MATEMATHKA 


3. ®POJINK 


JIOKAJIBHO TONOJIOTHYECKH MOJIHBIE MTPOCTPAHCTBA * 
(II pedcmaeaeno axademuxom II. C. Aanexcandpoeoim 14 X 1960) 


Onpefeaeune. IIpocrpanctso ** P Ha30BeM TOKAMbBHO TO a- 
H bl M, e€CJIH BCAKaA TONKA x & P Cosep2XKHTCA B HEKOTOPOM OTKPBITOM MowHOM *** 
MompocTpaucTBe mpoctpanctsa P. 

OueBuHO, 6cAKoe noAHOe NpocmMpaHkcmé6o AOCKAAbHO NoAHO, 

O6paTHoe yTBep2xKeHHe HeBepHO: 

Ilpumep 1. Ilycth T — muoxecTBo Bcex CYeTHBIX OPIMHAJIbHbIX YHCeM 
uM myctb K — cerMenHT 4HCIOBOH NpAMoH. Ynops,ounM MHOxecTBO R = T XxX K 
slekcHKorpaduyeckH. B TOMOJIOrHH, 3a,aHHOM 3STHM ynopsfoyeHHem, R sABJIA- 
e€TCA KOMMAKTHBIM, JIOKaJIbHO OHKOMMAKTHBIM HW JIOKAaJIbHO MeTPH3YeMbIM IIpo- 
cTpaHcTBoM. MuoxkectBo R’ sBcex (a, 0), re a — M30JIMpOBaHHoe YHCIIO, He AB- 
siaetcsa F,-MHOKeCTBOM B R, NOTOMY 4TO TOJIbKO KOHedHbIe MC_R’ 3aMKHYyTbI 
BR. Utak, P we apasetca Gs-MHOxKeCTBOM BR UH, Kak Tak P nu0THO B R, TO 
P He ABJIAeTCA MOJHbIM. OueBudHO, P OKaIbHO MOJIHO HM JIOKaJIbHO MeTPH3yemo. 

Teopema |. Bcakoe napakKomnakmHoe AOKAAbHO NoAHOe npocmpaxncmeo 
P noano. 

Hoka3sateupetso. Ilo ompeyenenuio cyllecTByeT OTKPbITOe TMOKPpbI- 
THe %, cocTOAuee H3 MOJHbIX NoAMpocrpaucts. Tak Kak P MapakOMMaKTHO, 
B 9 MOXKHO BIHCATb JOKaJbHO KOHEUHOe OTKPbITOe MOKpbITHe B. Jia Beskoro 
BE cyulectByer nomHasn (*) mocmeqoBatembHocTh {Y%, (B)} OTKPbITHIX NOKPbITHH 


mpoctpauctsa B Takas, 4TO Wrii(B) C Y,(B). OSOosHauum uepes Y, OOnequ- 
HeHne Bceex Y%,(B), BEB. HerpyaHo JoKa3saTb, YO MOCcMeLOBAaTeMbHOCTh {Wp} 
nlomHa. Mrax, P nonuo. 

Teopema 2. Bcakoe 2oKaArbno noAanoe Npocmpancmeo codepotum naomunoe, 
OmKpblmoe U NOAKOe npocmpancmeo. 

HoKxa3satenbcetrspo. Ecnn Y sABANeTCH HeKOTOPOH MaKkCHMaJbHOU 
JU3bIOHKTHOH MOMCHCTeEMOH CHCTeMbI BCeX TOJIHbIX OTKPBITHIX MOAMpOcTpancts, 
TO OObeAHHeHHe CHcTeMbI Y% MOMHO, NJIOTHO HM OTKPBITO. 

OueBHHO, 6CIKOe AOKAAGHO OUKOMNAaKMHOe Npocmpancmeo ABAemcaA k-npo- 
cmpancmeom ****, 

OHAakO JOKAaJIbHO MOJHOe IpOCTpaHCTBO MOXET H He ObITb k-1pOCTpaHCTBOM: 

IIpumep 2. Ilyctb VN — GeckoneyHoe cueTHOe AHCKpeTHOe IpocTpaHcTBo. 
Bosbmem mocyieqoBaTesbHOocTh {N,} MOAMHOxKeCTB MHOxecTBa N Tak, YTOObI 
mMHoxectBa N, —Nyj4, OblnH OecKoHeyHEI. OSo3sHayHM uyepes Ky, 3aMblkKaHvHe 


* TIpumep 1 u Teopema | HacTostelt padorTbl comepxatTcaA Take B padote A. Apxanredb- 
ckoro «O ToMmOMorMuecKHX MpOCTpaHCTBaX, NOIHIX B cCmbIcwe Uexa» (°), cCaHHOH B neyaTb 
18 V 1960. IT. C. Aaexcandpoe. 

** «IIpocrpaHcTBo» O3HauaeT Be3ze BUOJIHE peryApHoOe TOMOOrHuecKOe MpOocTpaHcrTBo. 
*** Mpl Ha3bIBaeM M[pocTpaHcTBO P NOJHBIM, eCJIH OHO TOMOJOrHYeCKH THOJHO 


B CMbicJie 9. Yexa, T. €. ecu AIA WOGOro mpocrpancTtBa R —) P tTaxoro, ro P = R, P spia- 
eTcH Gs-MHOvwKecTBOM B R. 


**** TIpoctpanctpo P Haspipaetca A pOCTPaHCTBOM, eCJIH BCAHKO€ MHOKecTBO 
M C P, nepeceyenue Koroporo ¢ m106bIM OHKOMMAaKTHBIM K )P 3aMKHYTO, CaMO ABJIACTCA 3aM- 
KHYTHIM. 
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| ae Np B YeXOBCKOM pacuiMpeHuH B (N) mpoctpanctBa N. Oxas3pipaetca, 
’ co 


“UTO NOMHOe MOAMpoctTpaHcTBo P=NU Q K,tpoctpanctsa B(N) He apasetca 
s 1 
_k-m1pocrpanctBom. 
ij Teopema 3. Ecau omkpolmoe nodmnoacecmeo U aoKkanabHo noanozo 
| npocmparncmea P codepocum HeKomopyto mouky ceyweHnua cuemnoeo N Cc P, 

mo cytuecmeyem OukomnakmHoe mHooeecmeo K CU, nepecexatowee N no 

“OecKoneuHOmMy MHooKecmey. 

_ MHoKkasateabeTBO JerKO MpoBecTH, NOb3yACb XapakTepucTHKOH 
“HOJIHbIX MPOCTPaHCTB TPH NMOMOLMIM MOJIHbIX MOCJeLOBATeIbHOCTeH OTKPbITHIX 
| TOKPbITHH. 

Orctoya slerKO BbITeKaeT: 
Teopema 4. Tonoaoeuueckoe npouseedenue AOKAALHO NOAKO2O KOMNAKM- 

-HO2O npocmpancmea u <Atoboeo KOMNaKMHOeO Npocmpancmea KOoMNAaKMNHO, 
| Teopemad. Ecau omxpomoe nodmnooecmeo U aoKkanbno noanoeo npo- 
Sempancmea P codepocum Hekomopyto mouKY CeyteHuA CuemHOu OUZ>IOHKMHOLL 
icucmemot % omKpoimolx nodmHoocecme npocmpancmea F , mo cytuecmeyem OuKom- 
pnakmuoe KU, nepecekatoujeeca c OecKkoHeXHbim MHODCeECMGOM aAeMeHMOG CucMe- 
mo Y. 
Orcioqa JerKo cuelyer: 
Teopema 6. Tonoaoeuueckoe npouseedenue ‘nceedoKoMnaKMHo2d AoKAAb- 
/HO noAzHoed npocmpaucmea u Astobo20 nceedoKOMNaKMHOeO Npocmpancmea ABAA- 
emca nc2edoKomnakmHolM . 

XapakTepomM TouKH X MpocTpanctTBa P Ha3piBaetcs (1) HaHMeHbIIAA 
' MOWHOCTh MOJIHOW CucTeMbI OKpecTHocTeH TouKH x. IlceBqoxapakTe- 

Pp OM TOUKM x MpoctTpanctBa P Ha3piBaetca (1) HAHMCHbUIAA MOMLHOCTb CHCTEMbI 
& OTKpbITHIX MHOxKecCTB, AA KoTOpon [|W = (x). 

Teopema 7. B aokanoHo noanom npocmpancmee xapakmepol iu nceBedo- 
xapakmepol moueK coenadatom. 
| Oro6paxkeHve mpoctpaHcTBa P B TpocTpaHcTBo Q Ha30BeM OTK PbBITHIM, 
—eCJIM OOpa3bl OTKPbITLIX MOJMHO*KeCTB UpocTpanctTBa P ABIAIOTCA OTKPbITbIMH 
BQ. 
Teopema &. Ilycmo | —Henpepolenoe u omKpolmoe omobpasxenue npo- 
cmpancmea P Ha npocmpancmeo Q. Ecau P aokaaoxo OuKkomnakmno, noAano 

UAL AOKANbHO NoAHO, mo. Q, coomeemcméBeHHO, AOKAABHO OUKOMNAKMAO, 

NOAHO UAW AOKAABHO NoAKO *. 

Ileppoe yTBep»xeHHe OYeBHIHO, TpeTbe ABMAeTCA CJleCTBHeM BTOpoOro, 
_KOTOpOe MBI Tellepb foKaxkem. Ilyctb F — nenpepbiBHoe NpososKeHHe OTOOpa- 


co 
2eHud f Ha YexoBcKoe paciunpeHue B(P). Tax kak P nomno, TO P= 1 U,, 
n=1 


rie U, —oOrTKpbITble To{MHOxecTBa mpoctpauctsa P. Herpyyno joKasatp, 


co 
YTO OTKpbIToe apo V, MHoxectBa F[U,] conepxutT Q uv Q= f Vp. 
1 


i= 
Teopema 9. Ilycmp f — coeeptuenHoe (m. e. Henpepolenoe, samKxuymoe 
u makoe, 4MO NnoANole NPOOOPasb! ecex mouekK OuKOMNAKMNHol) OMOOpaAsKeHue Npo- 
cmpancmea P xa npocmpaxcmeo Q. aa moeo umober npocmpaxcmeo P Ov.20 
AOKAACHO OUKOMNAKMHO, NOAHO UAU ACKAALHO NOAHO, HEOOXOOUMO WL OOcCmamo4- 
HO, umobel npocmpanctneo Q OblA0, coomBemcMBeHHO, AOKAAGHO OLLKOMNAKMADLM, 
NOAHOIM UAW AOKAALHO NOAHELM Npocmpaxcmeom. 
Wokxasateubcertso. Ilyctbh F — oroOpamkenne M3 oKasaTembcTBa 
Teopempt 8. Herpyauo JoKa3atp, uro F-1[Q] = P. Cnegosatenbuo, ecm Q 
JIOKaJIbHO OMKOMMAKTHO WIM TomHO, TO P Toe, COOTBETCTBEHHO, JOKAaJIbHO 
| OMKOMMaKTHO wu nomHo. Een MCQ, To f/ftIM] spasetca coBepuieHHbiM 
_oToOpaxkeHuem npocrpaxctsa f 71M] na M. Urax, no ye JoKasanHomy, ecu 
Q NoKasbHO TowHO, To P Toxe MOKaJIbHO MOJIHO. 


* Sror pesyJbTaT jake It MHOFO3HAUHEIX COBEPIICHHbIX OTOOpaxkeHHli MoKa3aH 
B. Tlonomapesem (?) (41a AOKAbHO OHKOMMAKTHBIX MpOCTPaHCTB H JIA MOJIHbIX NpOCTpaHcts). 
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Tenepb mpeqnomoxum, utTo P nonso. Ilycth {%,} — nomHaa mocseqoBa- 
TCJIbHOCTb AMTHBHbIX OTKPBITHIX MOKpbITHH Npoctpanctsa P. Odo3sHaunM 
yepes B, cuctemy Bcex Q—f [P—A], rae A€%,. HerpyaHo oxasprpaetca, 
yTo {B,} ABJIAeTCH NOJHOH Moc/eloBaTebHOCTbIO MpoctpaucTBa Q. Mrak, 
Q «ABJIAeCTCA MOJIHbIM IIpOCcTpaHCcTBOM. 

Hakonell, Mpeqnosox%KUM, 4YTO NpoctpaHcTBo P oKasbHO TomHO. Besakaa 
Touka x €P cojlep2xKHTCA B HEKOTOPOM OTKPbITOM HW oHOM U (x)CP. THyctp 
y €Q. Muoxectrso f+ [ly] o6o3Hayum uepes K. Tak Kak K OukKommakTHO, 
CylllecTByeT KOHeuHOe MHOxecTBO MCP taxoe, uto U = [J {U (x); x€M}DK. 
Tlonoxum V = Q—f [P—U]. Ouesugno, MHoxecTBo V aABJIAeTCA OTKPbITHIM MH 


H=f[vicu. 


Tax kak U nowHo, to H Toxe NoHo, HM, OKOHYATeJIbHO, lO pee ToKasan- 
Homy, V nowHo. BnowHe aHaJlIorH4HO JOKa3bIBaeTCA yTBep2KeHHe O JOKaIbHOM 
OHKOMIAKTHOCTH. 

M3 teopem 7 H 9 BpiTeKaeT: 

Teopema 10. IJlycme | — 3samkKuymoe u Henpepolenoe omobpasenue | 
noAKoeo Mempusyemoeo npocmparncmea P Ha npocmpaxucmeo Q. J[r~a mozo amobot 
Q 6o110 mempu3syembim, HeEOOxOOUMO tk Oocmamo4HO, uMOOoL Q ObLAO NOANOIM 
npocmpaxncmeom. 

Woka3zsatTembcTBo. Tak kak / — 3aMKHyTOe OTOOpaxKeHne, TO IceB- 
jloXapakTepbl TOUeK MpocTpaHcTBa Q cueTHbI. Mtax, ecu Q NoHo, TO, Mo TeO- 
peme 7, XapakTepbl TOYeK pocTpaucTBa Q cueTHbI. M3 cueTHOCTH XapakTepoB 
TOUeK MpocTpanctBa Q HM U3 CBOHCTB oTOOpaxenua f MO H3BeCTHOK Teopeme 
Croyua (?) BbiTeKaeT, 4TO Q ABJIMETCA METPH3YeMbIM IIpocTpaHCTBoM. 

Ecau Q sBuIAeTCA METPH3YeMBIM IIPOCTpaHCTBOM, TO, lO K3BeCTHOM Teopeme 
VM. A. Batnmirertina(*), PpaHuubt WpooOpa3soB ToueK KomMakTHb, Jia BCAKOrO 
y € Qnyctb K (y) — rpanHuna mHoxectBa f-'ly], ecu oHa He MycTa; ecu OHA 
mycta, wycTb KK (y) — HeKoTopoe OfMHOTOYeUHOe MOAMHOMKECTBO MHOMKecTBA 
fen. 

OueBHHO, MOLMpocTpaHkcTBo 


K=U{K(y); y€Q} | 


MOJIHO, a OTOOpaxkenue f, paccmaTpHBaemoe Ha K, copepuienHo. MTak, mo Teope- 
me 9, MpocTpancTBo Q nowHO. 


KapJioB YyHHBepcHuTerT Tlocrynnio 
IIpara, UCP 14 X 1960 


UWMTHPOBAHHAA JIMTEPATYPA 
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Jloxnzagnnp Akawqemun nayr CCCP 
1961. Tom 137, Ne 4 


FAIS Perey 


MATEMATHKA 


C. A. XABHHCOH 
HEKOTOPbIE BOTIPOCb!I MOJIHOTbI CHCTEM 
(IT pedcmaeaeno akademuxom C. H. Bepxwumetinom 3 XI 1960) 


B HactTosilel pa6oTe MbI paccCMaTpHBaeM BOMpOcel, CBAZAHHBIe C MOJHOTOM 
; B JIMHeHHBIX MPpOCTPaHcTBax, KOraB PaCueT IPHHUMAIOTCA HE TOJIbKO BeJIMUMHbI 
-YKJOHEHHH alMpoKCHMMpylOWwUx arperaToB, HO HW BeNMYMHI KoOIpPHIMeHTOB 
_9THX arperaTos. BnepBpie Ha BO3MO%KHOCTH OOIei TpaKTOBKH 3TUX BOIPOCoB 
oOpaTuiu BAMMaHHe J[>iiBuc Hu Manp-L3u (*) (cm. TaxwKe (?)), pe3yIbTATbI KOTOPBIX 
/ABJIAIOTCA UACTHBIMHM CJIyY4aiMH HeKOTOPHIX M3 MIPHBOMMbIX HWKEe TeOpeM. 
Mob! pun K u3iaraeMolt B HacTosmlel craTbe oOuleli Teopuu, OTMpaB/AACh 
OT HalIMX Oovlee KOHKPeTHbIX Pe3YJIbTAaTOB, CBA3AHHbIX C SIKCTPeMaJIbHbIMH 
3afauaMM C JONOHTebHBIMH YCIOBHAMH JIA TMOJIMHOMOB H MoMeHTOB (?), 
» SKCTPeMaJIbHEIMH mpoOeMaMv [IA aHanHTMYeCKUX CPYHKIUMK, YLOBMeTBOpsAtO- 
‘“WMX JONOIHMTeIbHBIM OrpaHwueHnam (*), H, HaKOHELl, BOMpOCcaMH alNpoKcH- 
‘MallWH Ha MHOMKeCTBAX aHaJIMTMYeCKOH eMKOCTH HysJb (°). OCHOBHBIM HHCTpy- 
ME€HTOM JIA MOKAaSaTeJIbCTBAa TEOPeM STO paGOTHI CTyKUT Teopema | us cTATbH 
(*) (o606ujeHvemM TocseqHei Teopembl aABmeTCA Teopema 2 craTbu (’)). 
! Ilyeth E — nunelnoe 0KaibHO BbITTyK0e TOMOMOrMYeCKOe MpocTpaHncTBo 
' (BELIECTBEHHOe HIM KOMIIeKcHoe); p (f) — HenpepbIBHbIi Se aS ny BBIIMYK- 
ibid PYHKUMOHAa Ha E (MosyHopmMa). Ilycrb, qamee, Py (Ay, .--,Aa,-..) — PYHK- 
WHA OT CUCTHOFO MHOXKECTBA YHCJIOBbIX API'YMCHTOB Ay,... , ve : | (pelllecTBeH- 
‘HEIX WJM KOMIVJICKCHBIX, CMOTps M0 TOMY, KaKUM ABJseTcs E£). TpennonoxuM, 
4TO TipH JOOOM 2 PyHKUNA 


DEM iste e's eb lead OF ee oa) Na. Oe, ey 
“SBIACTCA HEMPepbIBHBIM, BbINYKJIbIM, CHMMETPHUHBIM (PyYHKIMOHAJIOM B SBKJN- 
OBOM Mpoctpauctse Ey, = {(Ay,..., An)}. Hlycrb {p,} — mocseqoBaTebHOCTb 


aeMeHTOB 43 E u wEE. 
Teopema 1. Jaa moezo umo6ot dan awbo2e0 @>>0 moxcHo Ob6l20 


7 * - 
—nododpamb makue Koaqdmuuyuenmot Ni,+++, Ay (N makowe sagucum om ®), 
YMOOb! BLNOAHAAUCH HepPa6eHcmea 


N 
p(o— Dre) <2, phn. Aw) <e, (1) 
1 


HeoOOXOOUMO UL OoCMamo4HO, umobol JAA Atob020 AUHetiHO2ZO GYNKYUUOHAAA 
L(f)€ E* (E* —conpaocennoe « E npocmpancmeo), yoosremeoparoujeeo Hepa- 
6eHCmeam 


UI<p), FEE: |IA@)|<aGaee) 


npu moOolx n; Ay,..., An Oolao Oot 
I(w) = 0. (3) 
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Jloxa3sateapcrTso. Jokaxem HeoOxofuMmocth, T. e., ITO U3 (1) uw (2) 
cuenyet (3). Hmeem: 


[L(o)| <i cae nie; ]| + |E( (3 4))|< 


{=I 
< p(o— 5 di @;) ALM Ne, Se. Geos, 
1 


J,oKaxkeM JlocTaTOUHOCT, T. €., ecH 43 (2) cmemyeT (3), TO HMeeT MecTO 
u (1). Hycts B* — mHoxectTBo rex cbyHkuHouanon LEE, Ana KOTOpbIX (2) 
uMeeT MecTo 1ipH JaHHom n. Tlonoxum 


8, = sup| L (0) | (4) 


LEB” 


WM joKavkeM, ato 6,0. Iyctb L,€ B* —akctTpemanbubli cbyHkuHoHad B (4): 
|Ln(@)|=6n. Bpemem B paccmoTpeHwe mpocrpanctso £,6€E — snueltnyi | 
OOOJIOUKY CHCTeMBI {@3-Qn}, H WycTb {%),}— cueTHOe BCIOAy MoTHOe (MO Mo- 

JtyHopMe p) MHOxKecTBO B Fy. IIpu mo6om m mMuHoxectTBo {Ly (~m)} orpaHH- 
yeHO, H NOSTOMY 43 TocseqoBaTesbHocTH {L,} MOXKHO BbIOpaTb THAarOHAaJIbHBIM | 
IIpOWeCCOM MOAMOCIeLOBATeMbHOCTb, CXOAAULyIOCA K OMpesemeHHoMy Mpeyeny 
Lm) pH Kaxyom m. Byyzem cuntatTb, uto yxe {Lp} oONamaeT 3THM CBOH- | 
CTBOM. Tefiepb fa smo6oro pEF, umeem: L(p) = limL, (xp) cymectByer. 


il—>0oo 


®ynkunonan Lp), 3aqaHHpi ua E,, ayyurupen u ognopogen. Kpome toro | 
|L (ap) | =lim|La()\<p Cy), Pe Ess (5) 
| SAL (s)] = lim | Dd) Ln (0) | <r (Mays oy Dn): (6) 
1 n—->co ne 


Pacuimpup Lc E, na see E, npufem k dyHKWMOHay, YAOBJeTBOpAIO- 
Iemy (2), HO Aa KoToporo |L(@)| = lim|L, (o)| = lim6,—0.3To nportu- 
BopeyHT fonyujennuio. Vtax, 6,—>0. Ho, cormacno tTeopeme 1 ns (°). 
HMeeM 

ft 
b= wink. (pig) aay eam (ley a ane 
Ce a 
TeopemMa floka3aHa. 

Teopema | flemaer ecTecTBeHHBIMH CJlelyrollve onpeyenenua: 

Onpegeneuue 1. Cuctema {~,} TOmHA (p, pi) B E, ecau Aaa smo- 
6oro /€E* uz (2) cnenyer (3) upu Bexkom w€F. Cuctema {g,} 3AaMKHYyTA 
(Pp, p:) B E, ecam faa moOoro w€E uv npousBoubHoro &>>0 MOxKHO HaliTy 
kospuluenThl h7,..., 4), B KOHEYHOM 4HCJe, JIA KOTOPbIX BHIMOHAeTCA (1). 

M3 Teopempt 1 HeMefyeHHO cyleqyer: 

Teopema 2. [aa mozo umo6bel cucmema {Qn} Oolza noana (p, py) 6 E, 
HeoOxodumo U Oocmamo4Hno, “MOO! OHA Oolaa 3amKHYyMa (Pp, p;) 6 E. 

Sameuaune. IIpu py(Ay,.-.-, An) =O Teopema 1, ecru FE — npoctpan- 
cTso Banaxa, aeT KlaccH¥ecKHH Npu3Hak MIpHHasNexKHOCTH J/eMeHTa @ 3a- 
MBIKaHHIO JIMHeEHHOM OOONOUKH CHCTeMBI {Pn}. B sTHX 2Ke ycOBHAX Teopema 2 
BbIParkaeT OOBIUHYIO CBA3b MeKY OObIGHBIMH NMOJHOTOH MM 3aMKHYTOCTHIO. 

co 
Ecnu, tanee, E—mnpoctpauctso Banaxa, a p, = de] ay] (e; >0 3ayanbl) 
ul 


a 1/p 
WIN Oy = [> | Aj P| , P> 1, To Teopema 2 aeT OCHOBHOH pe3ybTaT pa- 


Gor? ;*). 
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j Onpeyenennue 2. Cucrema {g,) HasbiBaeTca BNOMHE NOMHOT (p, Py) 
B FE, ecau mpu 060M m «yKOpoyeHHas» cuctema {P,}°_,, ABIAeTCA NOTHOL 


(p, pe erie i et eerie) eae Oye mi OM Ayes, Me pore J 
ly ———" 

| if (——all 

' Teopema 3. Ecau {@n}—enoane noanan (p, p,) cucmema @ E, mo daa 
NpOUuse0AHO 3adaHHOeo &, > 0 cywjecmeyem yHuEepcarbHolli psd 


foe) 
Ds N ij, (7) 
1 

fi 

If v u 

ob nadarolWuul CAeOYIOLUUMU Ceoticmeamu: 


it Niet s, Ney) eaoeew aera 1, 2.3: (8) 


- 2. [asa awboeo WEE natidymca dee nocacdogamervnocmu unOeKCOB {Np} 
M {tp}, NRr< Mp, Ne, Makue, umo 


; | 
; Mp 
Be >) 4a))=0, limp, ..,.0, daar. dm)=0. (9) 
hoo j=nyt1 k->00 ; 
_ Teopema 4. B ycaoguax meopemot 3 cytuecmeyem pad (7), o6Aadato- 
wut ceoticmeom (8) u makott, umo Oran ecakoeo w € E natidemca nodnocaedoea- 
MeALHOCMb 4LACMHOLX CyYMM 9MOeO PAHOA, CXOOAWUXCH K OW NO noAYHOpMeE Pp. 
_  HeckombKo HHO xapaKTep uMeeT cyleqyiollaa Teopema: 

Teopema 5. //ycmo u3 nepaeencme 


\> nil (A) | < pr (Mas. en) (10) 
j=1 
BdOINOANMOLUUXCA np smnobKlx n wW Ay,...; An, Caedyem DAA BCAKOeO 
1¢€£E* nepasercmeo 
| I |<p(f), Fee. ea 


Tozda Onan anbo2eo WEE umeem npu ecex K>1 


6=sup|/(o)| = ah | Kp (o— >} a0) + py (Ay «+, ise (12) 


Ay Dewey Xr n 


‘200 sup 63ama no ecem LEE", yooeremeopsrowuum (10), 
CueacTBue. 


os inf lim p; (Aq). eR 


ua 
k->0o 
k h 
rye inf Oepetca MO BCeBOSMOXKHBIM CHCTeMaM (Aj,..-, An,) TAKUM, 4TO 
nh 
Le ee as 
lim p (0 > rKep,) 0, 
R—>OO 1 


OcTaHOBMMCA Ha HeKOTOPbIX IPHNOXRKeHHAX U3JIOAKCHHBIX TeOpeM. 
Teopema 6. /Iycms nocaedoeamenonocmu {a,} u {By} yooeremeopatom 
YCAOBUAM: 


< ie ean 
Jie1<1, ¥=1,2..5 BO—le) =: epepa—ta, gp et 
) (13) 
Wioiue=aalletaal ban 


Sd>0, 


£3) eek, Vis 1? acs >) (/Bv| — 1) =.c8e; C= (8) C1 hs 0 
il 
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2de d ne 3aeucum om v. Ilycmo {ry} u {Ry} — Oee nocaedoeameAbHocmu nozo 
CUMEAbHOIX YUCeEA, OAL KOMOPOLX 


litt 7) =TienRe= oc, (14 
Zan aboti dynkyuu (8), npunadrexauyei Lp[0, 2m], pS1, ua 
C[0, 2%] u atw6o2eo e>>0 moocno natimu 4uucaa hy,..., ns ay.++) Pn ma 
Kue, 4mo 
v \) v 
| © @) — sy Boal<e 
n r fn Ry 


De TU! yj Det [wo] <e. 
ag 1 

Ecau ece a, >0 u By, >0, mo npu ecaxom t>>0 6 awbom us Hawuxt 
npocmpaucme cytuecmeyrom gynkyuu w (8), Or KOMOpolx: 


its leO- Baa, —B aaa + 
v3 {Py 


fn 


is t 


n nh 
Sei) yh Meenas Ee. 
ali it 


20e &) npu OaHHoM t 3ABUCUM AUULb OM w. 

Jloka3aTeJIbcTBO TeopeMbl 6 OCHOBaHO Ha TeopeMe 2 1 TeopeMe e/\MHCTBEH- | 
HocTu us (*)*. 

Pa3BuBan jJlalee TeopeMy 6, MOKHO C TIOMOM{bIO TeopeMbl 4 NOYUHTb 
TakOH pesyJibTar: 

Teopema 7. Cywecmeyem psd 


(ee) co 


‘S) hy Hil py 
> ieee aD eB,” ey 
i af 
YOOBAEMEOPAOLULLLL YCAOBUTO 
fee) ry lee) Ry 
Die RAS > rer meee a <8, (16) - 
1 1 


Wags 10) iri Ry) oe Kone meopeme 6; & 3A0AHO NpOUSBOAbHO) U maKoil, 
umo Onan arobott o(0)EL,[0, 20], ps1, uau w(8)EC [0, 2a] natidemca noo- 
nocAedosamenbHocmb vacmnolx cymm psda (15), cxodswaaca (no KHOpMe npo- 
cmpauncmea) K wo. Ecau dy >0, By, >0, mo daa awboeo pada (15), 06nadato- 
wjeeo nocreoOHum ceolicmeom, OOAdICHO Oblnb 


CO t ® fore) t 
Ye FM jmo, Yew |= co 
1 ak 


npu ecaxom t >0. 
B xKauecTBe IIpusoxeHua TeopemMbl 5 MoOxKeT ObITb NOJyYeHO BCe OCHOBHOe 


cojlepxkaHHe padorTsl (°). 

Tlocrynui0o 

2 XI 1960 

HWHTHPOBAHHAH JIMTEPATYPA 
iF. Davis, Ky “Plany “Dite™ Math. ¥J.,- 24, 7Ne 2) 182) (1957).) s22Key wieanoe 

Seminars on Analytic Functions Institute for Advanced Study, Princeton, 2, 1958, p. 202. 
*C. A. Xapuuncon, JAH, 130, Ne 5, 997 (1960). “C. A. Xaspuucon, JAH; 
135, Ne 2 (1960), © CC. S. X ae marcom (UAH. 131, Ne55 44) (1960) re Cease Xen 
BHHCOH, Tesucpl JoK. V kond. no TeopHu cbyHKUHH KOMMieKcHOrO mepemeHuHoro, Epepan, 
1900): " H. B.. Yar ax ope, Are 130) eNeaie) 29 (1960) 


* Tloutbsyiocb culyuaeM OTMETHTb, UTO HMerouleecs B (4) u (®) yKa3saHHe O TOM, UTO NpHBOLH- 
Max B (*) Teopema eAHHCTBeHHOCTH O606ulaeT Teopemy HM. B. YiuaKosoli (7), HenpaBuibyHo. Teo- 
pema e{MHCTBeHHOcTH H3 (4) H Teopema eqHHcTBeHHOcTH V. B. Yulakopolt (7) He BKksIOUaIOT 
NOJHOCTHIO OHA Apyryto. 
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Jornagn Akaqtemun nayrxr CCCP 
1961. Tom 137, Ne 4 


MATEMATHKA 


Axajemuk AH As3ep6CCP 3. H. XAJIHJIOB 


OB YCTOMYHMBOCTH PEWEHWM YPABHEHHS| B BAHAXOBOM 
MPOCTPAHCTBE * 


Ilycts B— npoctpanctso Banaxa. PaccmoTtpHM coBokynHocTbh (dyHKUHit 
x(t), onpeqeneHHbIx Ha Nomynpamot J = [0, +0), co 3HaueHHamu v3 B. 
Yepes L o6o3Hauum COBOKYNHOCTh JIOKaIbHO MHTerpupyeMbIxX B cMpICIe Box- 
Hepa yHkunun x (f) co CYeTHbIM YHCJIOM COriacoBaHHbIxX HOpM 


fn 


saa 


0 


x 


baa Welin Wises 3 a7 


Ilyctp U (¢, s) npw moObix cbukcHpoBaHHbIxX 3HaveHHAX tus (OCTsKt< 
<( -++ oc) — JMHeHHDIM orpaHMueHHbEIt onepaTop, AelcTByIou\Mit B MpocTpaH- 
etspe B uM yOBNETBOPAIONIMH ycCsOBHAM: 

1°, U (¢, s) cubHO HempeppiBeH mo coBokynHocTu ¢ us; U (t, b=] 
(/ efqunHuuHpIi oneparop). 

comme) sl (8:0), == U.(¢, 0), “<cs'< ft: 

PaccMoTpHM HeJIMHeHHOe HHTerpasbHOe ypaBHeHue 


t 
Patt ee a0) X, +\Ue, S) JUCRS SxS Sane din CLS. ee (13) 


0 


OuesuHo, xo = x (0). YcTaHoBumM ycJIOBHA, Mp KOTOPbIX pelleHHA ypaBHe- 
Hua (1) ycTowunBpl. 
Yepes M, o603HauumM MHOxecTBO PbyHKuHh x (ft), HMeIONlMX MpelcTaBeHHe 


At ee Coa O eX eed, Cio. (2) 


Ouesy2HO, PyHKUMH, BxotAuive B My, HempepbiBHb! Ha J. 
Yepes M, o603HauHuM MHOxKeCcTBO PYHKUHH x(t), HMeIOWLUX MpescTaBsenne 


len Mie ON Kaeeuy (2S) (S) GS, Xp, GB, (3) 


Se. 


rue f(t) B; B—rpoctpanctso Banaxa Gomee cusbHoe, uem L, rye HOpMy 
o6o3sHauHM uepes |/|,. Hanpumep, C— muoxecTBo HempepbIBHbIX yHKUNi 


¢ HopMol |x| =sup|x(t)|. HerpyaHo npopepnts, uro yHKUMH MHOKeCTBAa 
t@/ 


M, TakxKe HelpepbiBHbI Ha J. 

Jlemma. 1. Mxuoowecmeo X ecex OepaHudeHHolx GYNKYUl U3 MHODCe- 
cmea M, ecmb nodnpocmparncmeo npocmparncmea C. 
' CopokylHocTb Bcex 9JIeMeHTOB B, ABJIAIOUINXCA HAayaNOM OFpaHHUeHHbIx 
bynkuui My, |x|<+ 00, o603Hauum uepes By. Kak moka3pipaiwoT MpH- 
Mepbl, B,, BooOwe TOBOpA, He 3aMKHYTO. 


* Comepmanve HacTosuel 3ameTKH fouoxeHO Ha V Bcecow3Hoii KondepeHuMH nO (byHK- 
[HOHaJIbHOMy aHalH3sy B Bakxy B oKtTadpe 1959 r. 
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Jlemma 2. Ecau B, samknymo, mo cywecmeyem noaos#cumeaonoe uucao S 


makoe, mo Oana ecex x(t)EX 
|x| <S]x(O)|, 


|x| s0eco u 6 OanoHelituem ecmb Hopma 6 C. 

JLoka3saTe€AbCTBO MpOBOAHTCH pHMeHeHHeM TeOpeMbI O B3aHMHOI 
HEIPepbIBHOCTH B3aHMHO-OAHO3HAYHOTO JIMHEHHOTO OMepaTopa K oMepaTopy T, 
COMOCTAaBIAIONeMy KaxKOMy SJleMeHTY u3 X ero Hayao xX). 

Ilyctb cyllecTByeT MHOxecTBO B,—fonOMHeHHve 3aMKHyToro By. Ono 


He Bcerya 3aMKHyTO. Bpefem oneparoppi-mpoektoppi: Py, Py, xX) = Pox, 


x, = Pyx, x€B, x) EB, %1 6 Bi, 
JlemMa. 3. Jlycmo B, 3amknymo u umeem 3amKHymoe Oonoanenue By. 


TIycmo Kkastdomy f (t)€B coomeemcmeyem He menee OOHOi OepaHuueHHolt | 


dyrkyuu us M,. Toeda cytuecmeyem nocmosnnan K>>O makas, amo Karx- 
dott f[(t)€B coomeemcmeyem x (t)E Ms, yOoeasemeopawiuan nepasencmey 
|x| <K\f lz; ama d@yxkyusa moowem 6oimoe eolopana mak, umobet x (0)EB,, 
lu moeda OHA OnpedeasemcA eOUHCMBEHHbIM OO PAa3s0M. 

Hokasateabcrtso. Ilyctrs Y —MmuoxmectBo Bcex yHKuHH x(t), yOB- 
JIeTBOPAIOMIMX ycJoBusaM: x (0)¢5,, x(t) HenpeppiBHa Hu orpanHuena u x (t) = 


t 
= U (70) x, + \ U (t, s)f (s)ds, f (t)€B. B sTom auHeliHom MHorooOpasuu Y 


BBeeM HOpMy 
IX|y =|*|+ | Flee 


Jlerko WOKa3aTb, UTO Tak HOPMUPOBaHHOe Y spsasetcs OaHaxOBbIM TpocTpan- 
CTBOM. 


Ilycts T—anuetinoe npeoOpasopanue Y Bw B: Tx =f. V3 nepapencrsa 


ITxlp=lFlaS|*|+lPlg = [4 ly 


cenyeT, uro T orpanuueno u |\T|<1. Herpyguo noka3atb, uo cymlect- 
pyer 17, D(T*) =B, ecaw Baer (0) santp ye. 

IIpuMeHuM Tellepb K T TeopeMy O B3aHMHOM HellpepbIBHOCTH B3aHMHO- 
OMHOSHauHOrO) §=6IMHeEHHOrTO) )=—s MpeoOpa3s0Banus. Torga cyumectsyer |/7*} 
Vii) <A |, Tae K =| 7 2[S-41. 

B flampueiiem OyyeM NovaraTb, YTO HeauHeHbI onepatop fA (x (ft), ¢) 
TaKOB, 4TO JIA Kaxwkon x (t) EC, jx] <a, h(x (t), t)€B. Ilyctb (taxxe cy- 
UleCTByeT MOCTOAHHaA Y >> O Takas, 4TO 


[h(x A(x", Ng <a — 2") 3 ae 


qua KAMIOW Ma poe ms Uexne CO, x | ae aes a. re 


Teopema. 1. Iycmo 8B =|h(0, t)|,. Hpu ycaosuu remot 3, ecau Ky < 1 
uB<K*(1—kKy)a, Ona xancdoe0 §& € By, |—&, (<b = S1((1 — Ky) a— KB) 
cyiuecmeyem eduNcméenHoe peulenue x(t) ypaenenua (1) maKkoe, umo ie |<a 
u Pyx(0)=€); amo pewenue yooeremeopsem Hepaeencmey 


|x| <1 — Kr)y* (KB + SEI). (4) 


TeopeMa JOKa3bIBaeTCH MeTOOM MOCIeEMOBAaTeIbHbIX TPHOJIMKeHUH Ha Oc- 
HOBaHHH semM 2 v 3. 


V3 (4) cnenyer orpaHHyeHHocTb pelleHuit ypaBHenua (1). 

CueyetBue. Ecau h(0, t)=0, To weer mecto ycToiunBocTb HysJeBoro 
pelleHvuA ypapHenua (1) B cMpIcuIe JIsnyuosa. 
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B camom jene, mpu.B = 0 u3 (4) uMeem: 
|x| <(1— Ky)* 8 [65 - 
PaccMoTpuM Tellepb 3afauy Korn 
dx (t 
WX) — A(t)x(t)+h(x(f), 2), + (0) =X, (5) 

rye onepatop A(t) yopuerBopxAer ycJOBUAM: 

C,. A(t) aaa Kaxporo t€J ynoBanetBopset ycnosnio |(/—aA(t))4||<1 
min a > 0. 

Gees) OOulacth OlpeneneHuq, A(t) .He 3apucuT oT ?; 2) Bit, s)= 
== (1 — A(t))(J— A(s))* paBHomepHo orpannueHo fa ecex s, t; 3) Bit, s) 
HMeeT OrpaHnyeHHylo Bapvalluio mo ¢, Mo KpalineH Mepe JA HeKOTOPOrO S. 

Kak moxa3an T. Kato (1), np ycnoBpuasx C, u C, cymectByet U (ft, s) 
€ H€KOTOPbIMH CBOMCTBaMH, OTKYJla CJlefyioT Haluu ycoBusa 1° uv 2°, 

IIpu ycesopusax Ci u Cz 3ayaue Kouiu (5) conocTaBuM HeJIMHeHoe MHTerpaib- 
Hoe ypaBHenue (1), pelieHHe KOTOporo Ha30BeM OO OOUL€HHbIM Pelle- 
HH eM 3afaun Kou (5). CreqopateibHo, Teopema | ycTaHaBJMBaeT orpaHH- 
YeCHHOCTL, a 3aTEM H YCTOHMYMBOCTh OOOOUIEHHbIX peleHHH 3anaun Korn (5). 

Ecau onepatop A (t) yoBuleTBopxeT Kpome ToroycuioBuam: A (ft) a ACPD 
ABJIACTCA CHJIbHO HeMpepbiBHLIM No ¢ onepatopom; # (x (ft), t) ABJIAeTCA CHIbHO 
auddepenuupyemoh mo ¢ dyHKuuelt u xo € D (A (Z)), To OOoOmleHHOe pemteHHe 
CHJIbHO AudpepeHiMpyemMo MH ABJIAeTCA pelleHHem 3ayauu Kom (5) (77%). 

Tak Kak HeCTalHoHapHble 3aaun JIA NapadomMueckoro ypaBHeHUA B ompe- 
JjeJIGHHOM CMbICJI€ NPHBOAATCA K safaue Kom (5), To Teopema | jaeT ycJloBUA 
OrpaHHyeHHOCTH (yCTOH4MBOCTH) JIA peleHHH YykKa3aHHBIX HeCTaIlMOHapHbIx 
3ayau. 

Bonpoc 06 ycToH4MBocTH pelleHHi ypaBHeHua (5) BrepBple Obl UCCeOBaH 
M. Tl. Kpeituom (°) B cayuae orpanuuennoro A (ft). Teopema | apaaetca 0606- 
mleHHem Teopempr Maccepa u I edepa (°) Ana mourn orpaHuyeHHoro A (f), 1B- 
JisiomleicA, B CBOIO Ovepefb, OOCOuleHHeM H3BeCTHOH Teopemb! Ileppoua (”) 
J\JIf KOHE4HOMepHOrO TpocTpaHcTBa. 

Teopemy | mMoxHo cchopmMysupoBaTb H oKasaTb Jaa B, oTnuunoro oT C. 


VucTuTyT MaTeMaTHKH H MeXaHHKH Tocrynuso 
Axanemun HayK Aszep6° CCP 3 XII 1960 


LWMTMPOBAHHAA JIMTEPATYPA 


17. Kato, J. Math. Soc. Japan, 5 (1953); Matematuxa, 2, 4 (1958). 2 M. A. Kpa- 
cHoceapbcKkuHh, C.T. Kpeuiu, Tp.3 BcecowsH. mutem. cpesga, 3, 1958, cTp. 73. 
3 T. Kato, Div. Electromag. Res. Inst. Math. Sci., N. Y. Univ., Res. Rep. Ne BK-11 
(use A Kpachocesruckru, § CT. Kpens, “Il E. Co6omes- 
GroneimmlAion L115 Ne 1/(1956)) 89M. oT. eK p en ny SYM, 3). Neo 34 (1948); 
PJuleoasse rar daJ. sch atier, Ann.) Math:,67, Ned; 517.(1958).7:O. Perron, 
Math. Zs., 32 (1930). 


Jloxnxangn Akafemun nayr CCCP 
1961. Tom 137, Ne 4 


MATEMATHKA 
M. TP. LIyP 


HEMPEPbIBHBIE AMXHUTHBHBIE ®YHKIMOHAJIDbI 
OT MAPKOBCKHX MPOMWECCOB MW 3KCHECCHBHBIE ®YHKIMN 


(ITpedemaeaeno axade mukom IT. C. Anexcandposum 5 XI 1960) 


E. B. pmxvnpi Opiia mocraBena 3ajaua OMMCaTb CTpoeHHve aLMTMBHbIX 
(PYHKUMOHAIOB OT MApKOBCKHX Mpoueccos. B. A. Bomkouckomy yaJlocb B 3Ha- 
YUTeIbHOH CTeMeHH MpOABHHYTbCA Ha WYTH K pellleHuio sTOM 3afauu. B uact- 
HocTH, B Teopemax 1.1 u 1.2 padorni (') B. A. BouKonckui ycraHoBHl B3aHMHO- 
OJHOSHAYHOe COOTBETCTBHE Me@XKY WHPOKHM KJIaCCOM OMHOPOJHbIX alMTMB- 
HBIX (PYHKUMOHAOB HW HEKOTOPbIM MOMKMaCCOM K/1aCcca 9KCIECCHBHBIX (yHKILMH, 
CBA3AHHbIX C OLHOPOAHEIM MapKOBCKMM mMmporeccom *. Atv Teopempt B. A. Bou- 
KOHCKOrO Pa3BHTbI B HaCTOAMLeH padote **. 

PaccMoTpHM OHOpOo_HBIM MapKopcKuit mporecc *** X = (x7, 6, Mz, Px, 9:2), 
3ajaHHbl B H3MepHMom mpoctpauctsBe (EL, B). Pynkuus g; (0) (O<t< C (@)) 
Hasbipaetca (') OMHOPORHBIM ARRHTHBHDIM MYHKUMHOHAMOM OT 
mpowecca X, ecau: 1) dynxuna g; Ny-usmepuma; 2) ~,(@) + OQ; (@) = 
=s41(@)  P,y-MouTH HaBepHoe Ha MHOxecTBe $s + ¢ < C(o) Ana Bcex s, f >0, 
xEE; 3) OSG: (@) <0 (> 0). Waa yno6cTBa MbI ycNOBMMCA CUHTaTb 
(PyYHKUHOHA g;(@) OlIpesqemeHHEIM Jia Bcex t >0 (a He TOMbKO Ana t << C(o)) 
HW MONOKNM pH co St Sl(o) ge(®) = Qe) (m). PyHkyHOHaN @; (@) 
HelIpepbiIBeH, eCIH yHKUUA Gg; (@) HempeppiBHa Tio ¢ AMA Bcex WEL. 

Byjem ropoputb, uto d@yHkuun f(x) apaaeTca OOOOMLEHHBIM NOTCH- 
WHaANOM PyHKUuUOHANA @, ecau f(x) = Mio. Herpyaxo mpopeputs (*), 
uTO ecu [ (x) ABMsHeTCH OOOOMLEHHbIM NOTeHUMAaIOM HelpepbIBHOrO OHOMep- 
HOO aMMTHBHOTO *yHKUMOHAaIAa g;(@), TO Tua Bcex t > 0 


ee ee (1) 


PynkuwHH, YOBMeTBOpAIOMHe COOTHOINeHHAM (1), Ho oNpepeseHHIO ABAAIOTCA 
SKCIECCHBHBIMH (PyYHKILHAMH. 

ByleM ToBopuTb, 4TO yHKuUuA f(x) yRoBAeTBOpHeT ycso- 
BHIO (A), ecau AA mMOOOH WeyObiBaromlell MOCMeLOBaTebHOCTH T, CJlyual- 


* TlonsTHe skcieccCHBHOH (byHKIMH, CBA3aHHOM C MapKOBCKHM MpomeccoM, ObluwlO BHepBple 
BBeweHO XaHTom (5); cM. Takxe (°), 
** Kak cooomua asropy E. 5. J[pmKuu, anavloruunpie pesyJbTaTL MOyueHbl BO Mpau- 
uuu I]. Metiepom (P. A. Meyer) (He ony6muKoBaHo). 
** MbI HCHOb3yYeM TePMHHOWOrHIO HM OOO3HayeHuA KuHurH (7). B 4wacTHOCTM, B JabHelt- 
wemM vepe3 N, oOo3sHauaeTCa G-areOpa, NopomweHHaA COObITHAMH {X, @) EI, 6 Soh, cre 


s<?, [ €B. Uepes Nii o6o3HayeHa o-asreOpa co6biru& A TaKHx, TO AA Karxkoro 
u>t {A, €>u}€N,. Mp nomaraem A € Nevo (COOTBeETCTBEHHO N), ecw jaa moooK 


MePbI [tL Ha o-areépe B nalizyrca MHomectTBa Ay, Az & Ni40 (N,) Takue, uro AyC ACA, 
i i P . {AgN Ai} p (dx) = 0. 


**** Onepatoppr JT, 3agaiorca dopmysno Tyg (x) = ; g(y) P(t, x, dy) Ha coBokynHocTH 
dynkunit g(x), aA KOTOpBIX 9Ta (hopMywia HMeeT CMbICU. 
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HbIX BEJIMYHH, He 3ABMCAWLUX OT OyAymero, uw ANA MoOoro xGE lim Myf (x,,)= 
u—>0o 
Sia) eerie. t= lim's,,. 


m-—>0o 


OcHOBHBIM pe3yJIbTaTOM 3TOH paOoTbI ABsIAeTCA Teopema 1. 

Teopema 1. /Tycme X —cmandapmnoti* npouecc. [laa mozo «umob6oi 
9epanudenHan B-u3smepumasn akcyeccuenan dynkyua f(x) Aaernnacod ob0OWeN- 
HOLM NOMEHYUANOM HEKOMOPO2O HENpepoleHoz2o AOOUMUEHOZO OOHOPOOHOO GyHK- 
YUOHANA @;(@), HeoOxodUMO uU Oocmamo4uHo, umoboi f(x) yOoeremeopnaa 
ycnoeuto (A). 

JlokasatTeabetBo HeoOxogzumocrTnh. Ilycrh f(x) = M.gao, rue 
P¢ — HENPepbIBHBIM ALAATHBHbIM :yHKUMOHaN. PaccMoTpuM culyyalinyio BesH- 


uuHy §, He 3aBHCAULyIO OT Oyyulero, H OOO3HaUHM Y XapakTepUcTHYeCKy10 
pyHKuuro coOpiTua {§ < C}. Annpokcumupya & cBepxy cuyyuaiHbIMH BesHUH- 
HaMH, He 3aBHCAWIMMH OT Oyyulero H HMeIOWLHMH He Oosee yemM CyeTHOeR 


MHOXKECTBO 3HAYeHHH, HETPpyAHO oKa3aTb, uTO Myf (xz) = M, (% (Poo— Qz)}. 
[lycTb Tellepb T, — mio6as HeyObiBaloulan MOCeOBaTeJIbHOCTb CJIy GanHbIx ries 
qHH, He 3aBucsMx OT Oyfymero, u t= limt,. XapaKxrepucruyeckue dyHkK- 


n—->0o 


HH COObITHH {Tt, < C}, ( {Tr <C}, {t<C}, o603Ha4duM Yn, YX, %’. OueBuyHo, 
TO Y%n IPH N—> oc crpemutes KY, dae — K Da, ‘u, 3HauHT, Jim n Met (X2,) = 


= Mx {%(@co—9)}. © mpyroti cropoust, Mf (x2) = Mx (y! (Geo — 92)}- IIpu 
PTOM % < y¥ Hu {y < X%} Ci {t=}, a Ha mHomectTBe {t=C} Qo—Q,=)0, 
GTO H JOKa3blBaeT ycsiopne (A). 

WokasaTesbcTBO ROCTATOUYHOCTH 3Ha¥HTebHO comHee. CHa- 
YaJla YCTAHOBHM HeCKOJIbKO BCMOMOraTe/IbHbIX Pe3yJIbTATOB. PyHKUMI0 f (x) 
6yeM MpesnosaraTb orpaHHyeHHOH, SKCIECCHBHOH WH yOBeETBOPHAIOWeH ycs0- 
puio (A). be3 tpyfa mpopepsetcs, uro pH mo6om ¢ >O0 dyuKuna Tyf (x) 
rake OOJlafaeT 3THMH CBOMCTBaMH. 

O6o3sHauuM Ty MOMeHT Mepporo focTHxKeHHA MHOKecTBa U €B, TouHee 
Gece mpu pcex? >O x6U, 4 t, =ini{t: t>>0, x;€U} B mpo- 
THBHOM cytyyae. Ilyctb By = {x: |f (x) — Taf (x)| >> 2}, rae e >O duxcupo- 
BaHO, H Th = Tp, 

JlIemMa. ITpu aw6om x€E P,¢limt, = C} = 1. 


h->0 
Joxa3satTembcrso. Ilyctbh, | O npu n—oc. Ouesnguo, uto B,C B,, 
eciw AL ta >t. TonomumM Qa = {tr, <0}, Xn = X (Th), H MycTb k > n. 


Torga 
f (Xr) — Tab (Xn) > TF (Xn) — Ty f (Xn). (2) 


Ho f (xn) —Th,f (xn) > (mourn HaBepHoe Py, Q,) **,Tak Kak Ana modon 


SKCIeCCMBHOK myHkuuu g(x) PyHKuUNA g(x;) HellpeppilBHa cipasBa Mo ¢ (MOUTH 
HapepHoe P,) (5). Ilockompky f(x) u Tif (x) mpu Beex ¢f >0 yyoBneTBopser 
yenosuto (A), To u3 (2), B CHJIy CKa3aHHOrO, BbITeKaeT HeEPaBeHCTBO 


Mf hx) — Mx {T 1, f (Xx) } > ee leg Cal ae 


IIpu noo jepand yacTb 9TOrO HepaBeHCTBa CTpeMHTCHA K HyJO, HW NOTOMy 
Sinn Pity CG} = 0. 


Rk->co 


* Crporo MapKOBCKHY HenpepbiBHBIM cipaBa OHO POAHBIH mpowecc Ha3blIBaeTCA cTaH- 
MapTHbiM (7), ec: a) o-aure6pa B apanerca cucremol OopeweBcKUX MHOKECTB xaycnopdo- 
Ba JIOKaJIbHO GukKOMNakTHOrO npocrpaHctBa (E, C), co cueTHo Oa30H; 6) ecm T, —He- 


yOpiBatoilan NOCJIE NOBATeCJIBHOCTb Cy ¥aHHblx BeJIHUHH, HE 3aBHCHAULHX OT 6ynyulero, HT= 


=limt,, To mpH mo6om xG€E x, -x, P,-ourH HaBepHoe Ha MHO*KeCTBE Q = 
Th 
n—->co 


= <0. 


T. e. P,-nourn HapepHoe Ha MHoxecTBe Q,. 
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} 


Sameuaunue. Ilyctp Bu = 4: [F(x) A | Taf (x) ds] > e} u ee . 
th 
0 3 


SAcHo, ITO tT, > tp, MU, 3HaUMT, P, {limt, =C} = 1. 


h> 
TIonoxKum tenepb f{p(x) =A 4 [f (oe Taf (x)}. Tycth €(@) = co ns, t >] 
(s<t). Torga d 


me In (Xu) dul < VON Te oP coy (3) | 


JlevicTBuTesIbHO, Me€BAAH WaCTb STOTO HePpaBeHCTBa PaBHa 


t—u 


t t i 
Mz\ fu (a) [\ fa (0) do|du = 2Mz\ fa (eu) Mey \ f(s) do du, 
s u s 0 
oTKyla H BbiITeKaeT (3). 
Teopema 2. Jlna awbelx s>0 u t>0 (s<t) cytyecmeyem 
, min (¢, ©) 
py (@) = lim \ fn (Xu) du 


A OTe: c) 


6 CMbICAe CxXOOUMOCMU 6B cCpedHemM ‘Hea pamuseckon OMHOCUMENbHO avo6oit 
mepol P,. | 
Nokxa3zsaTeapbcertso. Lipson 4To €(@) = oo. OG6o3HauuM uepes } 
g(x) pasHocTb dynHKunlt fa(x) u fy ae a yuepes g(x)—ux cymmy. Ilycte 
ene uNcCIO H s,=S+kRk(t—s)/n, n>k>1. Onpegenun | 
Ha oTpeske [s, f] dyHKUMIO wW(u) PaBeHCTBAMH W (U) = Sp, CCIM S,_4§<u Sr: 

Mur uMeem: 
t 


Mz {\ [fs (%u) — fa (xa) dul” = 2M, g (Xu) i g (xe) do} du 


t t . 
Ouenum uuterpan /, = M, \g (x1) | \ BGs) do| du. Tlonb3yacb MapKOBCKUM 


WwW 
CBOHCTBOM, Oe3 Tpyya nosyaaem, ae 
n Sk Sa—k 
(Ges > M, \ & (Xu) du Mx, \ 2 (x) de: 
h=1 ag é 
Sn—h 


[lpH 9ToM uHterpan F,(x) = My, \ @(%,) du paBeH BbIPayKeHHIO 
0 


A t E h 
be Pip die st Tif du| + ba PAL Pde Fe, ptul du, 


MH MOTOMY €fO MOJlyJib He OoubUe 2C. 


Paccmotpum co6pirne Ay (uU<v), cocTrosmee B'TOM, 4TO 3a BpemsA OT ee] | 
AO U TpaeKTOPHA Mpollecca XOTb pa3 TOObIBAeT B MHOMKECTBE, Te MOLyJb] 
XOTH Obl OMHOH U3 cyHKunh F,(x) MpeBocxoqHT &. XapakTepucTuyecky1o} 


(byHkunio coOpitaa Az cOo3sHauMM Yy,»o. B cumy 3amMeyaHHa K JiemMe, ul 
moctatouno mampix hul P,{Aj}<e. Mostromy 


t—s 


ie Meh gi (Xu) du + 20M Mz, | %o, ts \ Bi (x4) du}. 
Ss 0 
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[eppoe cnaraemoe stoi cyMMbl He mpepocxofuT 2Ce, a BTopoe, B cHaAYy 
HepaBeHcTBa Komwu— BbyHaKkoscKkoro u (3), He NpeBocxo,UT 


2CM, | Px, (AS) Mi,| ( 1 (%u) dul |" <8C*M, [Px, (ASH. 


0 


M3 3THX OeHOK, MOb3yACcb JIEMMOH, HeETPyAHO 3aksI0UNTb, uTO /,—>0 

npn A wu l—-0. Ananornunbim oOpa30M ycTaHaBMBaeTcA, 4TO UHTerpan 
t w(t) 

Ip = Mz\g (x1). | &(%y)dvdu crpemutca K HyNO UpH Au l->0 uv n-oo. 
s u 

Tem camMbiM TeopemMa 2 oKa3aHa JIA HeOOpbIBaIONlUXCA Mpoeccos. 

Ecnu xe 6 (@)=£ 00, TO npouecc X MOET ObITh TIpecOpa30BaH B HeEOOpLI- 
BalOUHHCA Mpolecc NocpeACTBOM BBeACHHA AOMONHUTeIbHOrO cocToAHHA e ((°), 
§ 17). [pu stom dyxkuns /,(x), copnagaiomasa c f(x) npu x@F u paBnaa 
HyJIO Np x =e, yowseTBopseT ycnoBuio (A) psa HOBOro mpouecca. Tomb- 
3YACb 9TMM OOCTOATC/IbCIBOM, HeTpyHO foKa3aTb Teopemy 2 H B cyslyyae 
{ (@) 35 00. 

Ana MocTpoeHua HempeppisHoro (yHKWHOHAIa @;(@) Takoro, uToO f (x) = 
= M,oo, MbI BocMomb3syemca vgeimH B. A. Bostkoucxoro (1). Jaa Kaxygoro 
*G@E ppiOepem Taky!o ToCeqOBaTebHOCTh hy, (3aBMCHAULyIO OT Xx), 4TO AA 
BCeX PallMOHaJIbHbIx ¢ CyLleCTByeT Npeyen 


min (f, ¢) 
,(@) = lim \ fn, (%v) dv (mourn HaBepHoe P,), 


k-co d 
0 


H mOslaraem q;(@) = %p;(@) Ha MHOMKecTBe {W: X%»() = x}. TloKxaxem, 4To 
(yHKUHA @;(®) paBHOMePHO HelpepbiBHa Ha MHOMECcTBe PallMOHAaJbHBIX YNCeI 
t (f>0), He mpepocxogamux smo6ce muKcHpoBaHHoe wenoe uncno m. Jns 


atm 
9roro JOCTaTOUHO FOKazaTb, TO BennynHa J, = My, Da [P,—apntay — P—n, 1° 
a 
CTpeMHTCA K HyJO IIpH Noo. 


Kak u pv JOKasaTesbcrBe TeopeMbl 2, MbI OrpaHHuHMcs cylyyaem C (W)=co. 
Hompsyscb Teopemol 2 u semMmMoi Paty, Nlomyuaem 


oftm — oN (h+-1) ; aes vm 2—"(hk+1) : 
= im i x u)d 
In ae lim | aD Fn (%u) du| Sug | a fh (Xu) u| < 
ot a (RI) ant 
<TimM, >) \ falta) | Mz, \ tne) do] au. 
ay k=0 oh 0 


IIpHMeHais’ K OWeHKe MocseqHero BbIPAaKeHHA MeTOA MOKAasaTeNbCTBa TeOpe- 
MBI 2, TlouyuHM, uo limJ, = 0. Temepb WoKa3aTembcTBO TeOpeMbI 1 3aBep- 


N->co 


waetca 6e3 Tpyya (*). 


MockopcKHH rocylapcTBeHHbid YyHHBepCHTeT Tlocrynusio 
um. M. B. Jlomonocopa 1 XI 1960 


UHMTHPOBAHHAA JIMTEPATYPA 


1B. A. BonakoucKkuht, Tp. Mock. matem. o6m., 9, 143 (1960), *# E. B. Wun- 
/ «uu, OcHopaHHa TeopuH MapKoBcKHx mpoleccos, .M., 1959. * E. B. Tiuxuu, JAH, 
| 127, Ne 1, 17 (1959). 4 E. B. Dynkin, Proc. of the Fourth Berkeley Symposium cn 
Math. Statistics and Probability, 1960.. ®G: A. Hunt, III. J. Math., 1, NeNe 1,3 
(1957); 2, Ne 2 (1958). et ts ‘ Peet: 
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Jloxnaaym Akanqemun Hayr CCCP 
1961. Tom 137, Ns 4 


KHBEPHETHKA H TEOPHA PETYJIHPOBAHHA 


10. WH. COPKHH 


AJITOPHTMHYECKAS PASPEWIMMOCTb NPOBJIEMbI H3OMOP®H3MA 
Js] ABTOMATOB 


(Ipedcmaeaeno axademuxom IT. C. Hoeuxosoim 2 XI 1960) 


Ilyctb JJaHo Tpon3sBONbHCe MHOxKecTBO A, 2leMeHTbI! KOTOpOTO Oy/leM 
Ha3bIBaTb BHYTPCHHHMH COCTOAHHAMHM WAM Gomee KOPOrKO COCTOAHWMAMH 
yacTHuHOrO aBToMata. IlycTb JaHo BTOpoe MHOKeCcTBO Y, Z/IeEMeHTbI KOTOpOrO 
OyteM HasbipaTb BXOJaMuH. IIpemnonaraetcaA MpH 9Z9TOM, YTO MHOKECTBO 
BXO0B 9f HellycTO M He NepecekaeTca c MHOxKecTBOM cocTosHHH A. Ilycrp 
KaKJOMY BXoly @E% comocraBeHo HeKOTOpoe Mo”MHOxmecTBO Ag (u3 A), 
Ha3biBaeMOe CYMMOPTOM Bxofla a. ByjeM cuuTaTb, HaKOHel, YTO Kak Abit 
BXO a u3 % aBanetca oTOOparxkenuem cBoero cynnopta Ag B MHOKeCTBO 
Bcex coctosHHi A, T. e. AaGA npn mo60om a€Mu AEA. 

Tipu cheaHHblx NpemmonomwKeHHAX YaACTHUHDIM aBTOMaTOM A (9%) 6yzem 
Ha3bIBaTb MHO2KecTBO A Cc onpeyesIeHHbIM B HeEM MHO?KecTBOM Y%F oTOOparxe- 
HUH mMoyzmMHoxecTB Ag u3 A B MHOxecTBO A. EcaH B YaCTHYHOM aBTOMaTe 
A (%) cymnopTs! Bcex BxoyqoB cospmagaioT c A, T. e. Ag=A npn smo6om 
aé%, TO Tako YaCTHUHbI aBTOMaT OYJeM Ha3bIBaTb MOJIHbIM aBTOMATOM HJM 
Ooee KOPOTKO AaBTOMATOM. CbopmMyMpoBaHHoe oMnpefeienne aBToMata 
B Clyyae KOHEYHOCTH MHOmecTB A uv YMcopmafaeTC H3BECTHBIM OMpeyeve- 
HHeM MalunHbl-aBTomata Mypa (?)—IO. T. Meypeyeza (?). 

Jlerko BueTb, YTO ABTOMATHI HM UACTHUHbIe ABTOMATHI ABJIAIOTCA YaCTHBIM 
cayyaeM OOWHX aire6panyeckuX CHCTeM HM COOTBeETCTBEHHO YaCTHYHbIX avire6- 
panyeckHx cuctem (°). [lostomy 1d YaCTHYHBIX ABTOMATOB BIIOJIHE HMeCIOT CMBICJI 
TakHe NOHATHA OOULeH TeOpHH asireOpavyecKHX CHCTeM KaK: H3OMOpiH3M, Fro- 
MOMOPH3M, ABTOMOp(pH3M, MOMaBTOMAT, CHcTeMa OOpasyrOlllHx, CBOOOMHbIA 
aBTOMaT H T. Jl. B 4aCTHOCTH, AJIA ABTOMATOB eCTECTBCHHbIM TyTeM CTPOHTCA 
TCOpHA 3aaHHA HX ONpPeReNAIOMUMH COOTHOMEeCHH AMH. 

JA aBTOMATOB JIeErKO JOKAa3bIBaIOTCA TeOPeMbI, AHAJIOTHUHLIe TEOPeTHKO- 
rpymnospim (*) Teopemam Hunpeena — LIpetepa, J[uka, Tune u T. 4. Cnpa- 
BeJIHBa TeEOpeMa O BJIOVKCHHH CUCTHBIX ABTOMATOB, T. €. ABTOMATOB, re MHO- 
*KecTBO A| J HMeeT C4eETHYIO MOLLHOCTb, B aBTOMATbI C KOHEUHBIM 4HCJIOM O6- 
pasyloulHx, 

TeopemaA. Beakut cuemnoui asmomam A(%) c He meHee 4em OOHUM 
6x000M Us0MOpmeH nodasmomamy HeKOMoOpozo aemomama c OOHUM OOpasytolUM 
COCMOsANUeM U C Mem oe MHODCecmeom Bxo0d06 Y. 

B cBsa3H C 3a]aHHeM ABTOMATOB OpPeeIAIOUIHMH COOTHOIMEHHAMH JIA HHX, 
Kak H WIA APyrHx asire6pavyeckHx CHCTeM, BOZ3HHKaeT PA, MACCOBbIX aJIPOPHT- 
MHYECKHX 3aJau, AHAJIOFHYHbIX BepBble MOCTaBJeHHbIM JleHom (°) B TeOpHH 
rpyn, a HMeHHO mpoG6viempl: 1) Tox ecTBa CJIOB, 2) BXOXKAeCHHA CJIOB B NOLaBTO- 
MaT H 3) H30Mopdu3ma. Kak Jit STHX TpeX MACCOBbIX 3aay, Tak H JIA HeKO- 
TOPbIX JIPyrHX B TeOPpHH ABTOMATOB MOXKHO YKa3aTb TIpocTple paspemaroule 
aroputTMbl. IIpexne vem nMepeiTH K OMMCAHHIO 9THX aJIFOPHTMOB UM opMyIH- 
POBKe TeopeM, HX OOOCHOBBIBAIOILUX, ee MOCTaHOBKy 3ajlau. 

IlycTb Ba Mpou3sEombHbIx aBTomata A (%) nu A, (9%) 3aqaHbl KOHeUHBIME 
CHCTeEMaMH OOpa3yIOWHX COCTOAHHH, BXOMOB HM KOHeUHbIMH CHCTeMaMH ompe- 
AeNAIOWMX COOTHOWeHHH. IIpoOnema TowpectBa: HalTH asTOpHTM, BbISCHAIO- 
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MHH JIA MpOwSBONbHBIX fByx cioB A u B us aptomata A(%) paBHb! OHH 


usu Het, T. e. A=B unn A= B? IIpo6nema pxowpeuna: Halitu anroputM, 


BHIACHAICIIHH JIS TpOH3BOIbHBIX m-+-1 cnoB A, By, Bo, ..., Bm U3 aBTO- 


Mata A(), Bxo_uT JH Cnopo A B MOfaBTOMaT, NOpoxKeHHbI cOBaMu 
Dae, On HH HOT, Ts C,..A'6 (31,80, ««,... Bm} HIM AE (By, Bo, sang Bm)? 


[]po6nema w30MopiH3Ma: HaliTH aJIFOPHTM, — BbISICHAIOULMH, H3OMOpHbI aBTO- 


mata! A (2) w A,(%) umn Het, T. e. A(M)~A,(%) nan A(M)RA, (MP? 
CymlecTBOoBaHHe aJIrOpHIMa, paspellaiomero mpoOmemy ToxecTBa jas 
aBTOMATOB, JIerKO BbITeKaeT H3 Teopemb! Meeuca (°) uv Toro daktTa, YTO BCAKHIi 


-4acTHUHbIi apTomaT A’ (2) BOxKUM B HeKOTOPHIG (HomHbI) aBromaT A (2%). 


Takoe BJIOXKeEHHE MOMKET ObITb OCYINECTBJIEHO, HallpHMep, foOaBmeHvem k A 
HOBOrO 3JIEMeHTa T HM AOOMpefeseHHeM Pe3yMbTATOB eCHCTBUM BXOJOB a U3 Y 
Ha cocrosHua A’ u3 A’ (jt, KoToppie He Obliu ompegemnenn B A’ (21), popmy- 
noi A’a=t. V3 (°) BpiteKaeT, 4TO AVIA NpOH3BOMbHOFO YaCTHYHOrO aBTOMAaTAa 


A’ (2) cpenu astomatos A (9%) co cBolictBamu: A (%) cozepxut uactb U (9) 
—takyto uto, U (%)=A(M) wn A(Y) nopoxgaetca mHoxwectBom U, cyrectTByet 
_@HHCTBCHHbIA C TOUHOCTbIO JO H3OMOpPH3Ma aBTomaT A (2) Tako, 4TO Bcs- 


KH [pyro aBTOMaT C YKa3aHHbIM CBOMCTBOM OyfeT romoMopdHbIMm OOpa30M 


-aptomata A (%). Tako apromaT A (%) ecTecTBeHHO Ha3bIBaTb CBOOOJHBEIM 
paculupeHuemM YacTuyHoro apTomata A’(%). ” 


Cnenys (°), cuctemy onpeyemniomux cooTHollenHi R OyneM Ha3bIBaTb 
3AMKHYTOH, ecu: 1) BCAKOe OMpesesmsiomlee cooTHOINeHHve u3 R uMeet 
ACBYIO YWACTh BHA SQ H MpaBylo YaCTb BHAA So, Tae Sy UH S_— OOpasyroulHe 


COCTOAHHHA, a @— OOpa3syioulHi Bxof, H 2) B R He cyulecTByeT AByX oMpe- 


ACMAIOUIMX COOTHOLWIEHHH C TOKMeECTECHHBIMM (rpadwyecKH paBHbIMH) JIeBbIMH 
yactamu. M3 (°) cienyet, uTo BCAKOe (KOHEYHO ONpememeHHOe) 3aaHve aBTo- 
MaTa OMpeeMAIOWMMH COOTHOIMEHHAMH MOXKHO aJITOpHTMUUeCKH Tepe- 
paOoTaTb B 3ajaHHe 3aMKHYTOH CHCTeMOM OMpelensIOulMxX COOTHOIIeHHE. 
IlosTOMy B JasbHEHIeM MOXHO CUMTaTb, UTO ABTOMATHI 3a)aHbl 3AaMKHYTbIMH 
CHCTEMAMH OMpeseAIOWHX COOTHOLMEHHE. 


Ecau astomat A(%) 3aqaH 3aMKHyTOH cuctemoH R onpefemsroulux COooT- 
HOIWeHHH, TO KaxkfomMy copy AG@A MOXKHO OMHO3HATHO CONOCTaBMTb ero 


a, 
KaHOHHYeCKOe HpesctapnenHe A cuepzywuHM nytem. Ecau B cope 
A kakoe-mH60 noscnopo A” copnmaqaeT C WeBOH UaACTbIO OJHOrO H3 orpexe- 
AAAIOMLMX COOTHOWeHHH u3 R, TO 3aMeHHeM 3TO TOACIOBO TpaBoli YacTbIO 
yNOMAHYTOFO Olpemessoulero CooTHOWeHHA. Torga cnopo. A nepepaOaTbiBaet- 


cx B cmopo,A;. K copy A, NpuMeHseTcCH ONATb OMMcaHHad TepepadoTkKa, 


ecJIH OHA OKaKeTCH TIPHMeHHMOH. Scuo, 4YTO B CHJIY 3aMKHYTOCTH CHCTEMBI 
Ope We AIOULAX COOTHOWeHHH R onncehabilit Tipomecc ywepe3 KOHeYHOE YHCJIO 
cc 


WaroB OHO3HAYHO MpHBeseT K HeKOTOPOMy cOBy A — KaHOHHUeCKOMY 
mpefctapsienuio copa A. 

Teopema Bb. B aemomame A(%), 3adaHHom 3amKHYymot cucmemoti 
onpedensOluUx COOMHOWEeHUL, NpOUsBOALHOIe Osa caosa A u B paésHol 6 mom 
cayuae, KOe0a UX KANOHUYeCKUe Npedcmasaenusn epaduuecku pasHol (mowcdecm- 


a 
seHHol): A=B. © 
Teopema B jaet, BO-NepBbIX, B ABHOM BHJe aJITOpHTM JIA pelleHus 
MpoOOeMbI TORK MecTBAa H, BO-BTOPbIX, AJITOPHTM JIA peleHHA MpOOJIeMbI BXOXK- 
nenua: A€{B,, B,,.-., Bm} B TOM H TObKO B TOM CJIyYae, KOrfa Kakoe- 
— 


mu6o cnopo B;(1<i<m) rpatbuyeckH paBHO HeKOTOpoMy mogcoBy A; 
ct 


cnopa A. 

Jina oOOoCHOBaHHA aJsIrOpHTMa, paspeliiaiomlero tpoOmemy H30MOpdu3Mma, 
BBeeM Cylelyrolulue MOHATHA. CoctosHue s YacTHuHOrO aBtTomata A (f) Ha3bi- 
BaeTCA YJ aJHMBIM, eCJIM-H TOMbKO ecH: |) cymlecTByioT s;GA u aE 
Take, UTO S= SQ H S,;=S; 2) ECNH $10, = SQ;,Q;,..-A;, = S2A2, TO Q, = aj, 
H Sy = SQ;,0;,...4;,_, upH k>1, anpu k = 0 cnpapeqHBo s, = Sy H Ay = Gy; 
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3) AIA MpOHSBOA_HOM NOCMeAOBATeEMbHOCTH BXOMOB Gy,, Qj,,..-, 4j,, Gi, ay Gigggir 
0 erp (k > 1) BbINONHAeTCH HepaBeHCTBO 


$Q;,47;,07,+ ++ Gi Gi, Fists dec i, = SQ),Qj,.-. aG;.. 


CoctosHue, He ABJIMIOMLeeCaA YaHMbIM, Ha3bIBaeTcA Heyanumsrm. Muo- 
mecTBO /(, (a) BCX HeyaIMMbIX COCTOAHHH yvacTH4yHoro aBTomata A (9%) Ha- 
sbipaetca 6a30li yacTHuHoro apromata A (2%). 

Teopema B. Basa Ka iq @cakoeo “vacmuunoeo aemomama A (Mt) c Ko- 
HEUHbIM “UCAOM OOpasytoluuUx wu 6XO0008 ABAReEMCA Cucmemou oOOpasyroUUx. 

TeopemaTl. Bcsakutt asmomam A (%)c Koneunoim uucaom oO pasyrouyux 
cocmosHutt u 6xo0006 AeAKeMCA CeOO0ONbIM paculupeHuem céodett O6a3bl. 

Teopemai. Ecau asmomam sadan 3amKHymoti cucmemot onpedeaato- 
WUX COOMHOLUEHUI, CBASbIBAIOLUUX OOpa3sytoLue COCMOAHUA Si, S2,..., Sn, mo 
ecaKoe caoeo A, KaKOHUYEeCKOe NpedcmasleHnue KoMopoeoomauuno om si (1 <i <n), 
ABANCMCA YOAAUMELM COCMOAHUEM. 

M3 Teopemut JI BpiTeKaeT, 4TO ECM ONpeeneHHbI aBTomaT A (f) 3aaH 3aMK- 
HYTOH CHCTeMOH ONpeWeAIOULMX COOTHOWIeCHHH, CBASbIBAaIOIeH OOpa3syroule 
COCTOAHUA Si, S2, ..., Sn, TO 6434 ABTOMATA ABJIACTCA MOMMHOMKECTBOM MHOKE- 
cTBa OOpasyloulux cocroanuit Sty Sk EB AS: 

TeopemaE. Ecau us 4acmuunoeo aemomama A (%) eot6pocumb nexomo- 
poe mHoscecméeo yOaAumelx cocmonnult N u éce cocmoAHUA, UMU NoOpodCcOeEHHole 
{N}, mo 6 ocmaewuemca “acmnuunom aemomame A\{N} (QS) ecakoe cocmonnue s 6yOem 
YOQAUMbIM UAU HeyOAAUMbIM 6 MOUHOM CcoomBemcmBUuU Cc Mem, ObLNO AU OHO yar 
AUMO UAU HeyOaAUumO 6 “acmuuHom aemomame LK (2%), 

Vi3N0%KeHHbIC Pe3YIbTATLI NOSBOJIAIOT YKa3aTb ATOPHTM, pa3peullaiouluH 
npoOsemMy H30MOpu3Ma JIA ABTOMATOB H COCTOAULMM H3 Cie yOUlHX: STAMOB: 

1) Sagqanua o60uxX MHTepecyloOulHX HAC AaABTOMATOB mepepadarTbiBaiorca B 
3aJ\aHHA 3aMKHYTbIMH CHCTeEMaMH ONIPeeJIAIOMIHX COOTHOMEHHH, 

2) BprepunBarotca vid OOOMX AaBTOMaTOB rpadpl mepexofos [, u Ta Wa- 
CTHUHbIX ABTOMATOB, COCTABJICHHbIX JIMINb M3 OOpasylolux cocTOAHHH (cBA3aH- 
HbIX 3AaMKHYTbIMH CHCTEMaMH OMNpeesiAIOWIHX COOTHOIIeHHH), 

3) Aaa Kaxkgoro coctosHua 43 Ti wu le ycranaBauBaetca, ABIAeTCA MM OHO 
yAaMMbIM HIM HeT,u yhansiotca u3 Ti u (2 pee yanumpie COCTOAHMA, T. e. 
ocTaloTed JIN 6a3bi Ki wu Ke o60uX aBToMaTos. 

4) PaccmoTpeB BCeBO3MOXKHbIe OTOOpaxKeHuA 623 Apyr B Apyra, ycTaHasB- 
JIMBaiOT, H30MOpdHb! OHH HM HeT. Ec okaxketca, uTo Ki & Ke, TOM AA 
ABYX HCXOMHbIX ABTOMATOB OyJeM HMETb OTBET, UTO OHH H3OMOPHHI, TaK Kak 
K@KIbIM M3 HHX SABJIAe€TCA CBOOOAHbIM paclivpeHveM OHO MW TOM Ke Oa3nl. 
Ecnu oxaxketca, sto Ki & Ke, To M AIA HCXOMHEIX ABTOMATOB OyeM HMeTb 
OTBCT, UTO OHH HEH3OMOPPHEI, TAK KaK B MPOTHBHOM CJly4ae Opiio On Ki SY Ke 
B CHJIy €MHCTBCHHOCTH O6a3bI BO BCAKOM YaCTHYHOM AaBTOMATE. 

YCTAHOBJICEHHOE BbILMe MO3BOJIACT YTBEPKMaTb CMpaBeAWHBOCTb JIA aBTO- 
MOP@H3MOB aBTOMATOB CJieyiouleH TeOpeMul: 

Teopema XK. Bcsakut Koneuno onpederennoitt aemomam umeem Kone4- 
yue epynny asmomopqbusmos, mabauya Kaau Komopoti areopummuuecku Haxo- 

uma, 


TocymapcTBeHHbIH BCeCOIO3HBIM Tocrynnao 


WEHTPaJIbHbIM HAYYHO-HCC/eOBATeIbCKHH 31 X 1960 
HHCTHTYT KOMIMJICKCHOH aBTOMaTH3allHA 


WAMTHPOBAHHAA JIMTEPATYPA 


ABTOMaTHI, 


‘9. ®. Myp, Asromats, M., 1956, crp. 179. # 10. T. Menzpenes, 
M., 1956, crp.385. 3 A.W.Maapumes, Matem. cOopn., 35 (77), 3 (1954). Hey r.Kypow, 
Teopua rpynn, M., 1953. 5& M. Dehn, Math. Ann., 71, 116 (1912). Co le euveacns. 


J. Lond. Math. Soc., 26, 64 (1951). 
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Wonraagn Akaxemun Hayr CCCP 
1961. Tom 137, Ne 4 


PHHPOMEXAHHKA 


A. fT. BAPAOEB u 3. M. HEPCHCAH 


NPOHHKAHHE NMPOM3BObHOFO JABJIEHHA B C)KAMAEMYIO 
_..-sQKWJIKOCTb B H39HTPOMMYECKOM CJIYYAE 


(I pedcmaeaeno axademuxom JI. H. Cedoeim 5 XI 1960) 


Ilyctb B HeKOTOpOH TouKe O cxRXHMAeEMOM XKUAKOCTH BO3HUKMO HEKOTOPOe 
_ faBseHve, KOTOPOe pacmpocTansAeTcA MO MpOM3BOJIbHOMY CHMMeTPHUHOMY OT- 
) HOCHTeJIbHO' TOUKH O 3aKoHy. YpaBHeHNe COCTOAHHA ®WKUAKOCTH — nowuTpona 


P= B(S)|(Z) —1] . () 
Po ‘ 
rye P—pasnenve; B(S)—mano MeHsiomanca @yHKIUMA; p— NJOTHOCTD; 
S—outponua. Jind fapnenui nopasgka 1000 «T/cm? ~pyoKeHue »uAKOCTH 
MOXKHO TWpefnolaraTb H39HTporMueckHM. JipwoKeHHe *UAKOCTH OGNaqaeT 
_ oceBOH CHMMeTpHeH. 

Bui6epem ocb Ox lo NoBepXHOCTH X%KHAKOCTH, OCb Oy HanpaBuM B TrsyOb 
*uKOcTH. Ha noBepxHoctw y = 0 uMeeM rpaHHunoe ycoBne: 


Prt. Ae Rts 9 
0, x>R(d), 2) 


rye ¢—BpeMaA Cc Hayasa ABMxKeHHA; x = R(t)— paguyce dpouta AaBnenus 
Ha MOBepXHOCTH. a 

Kak noka3aHo B (1), ana P nopsyka 1000 xI/cm? Benuunna P/Bn G6yner 
MaJla, HW 9JIeEMeHTapHble BOJHbI, BOSHHKWIMe B TOUKAaX Xx =.x’ MOBepxXHOCTH 
B MOMeHT f = ?’, MOXKHO CUMTaTb BONHaMH Pumana 


Pent Via 


(4 — x’ — 0)? + (y—o? = ai (x, CVE), (3) 


rie U, UV — KOMMOHEHTHI CKOPOCTH YacTHI Ha NOBepXHOCTH T10 ocaM Ox u Oy; 
a, (x’, t’) — cKopocTb 3Byka B TOUKe X% = x’ B MoMeHT ¢ = ?’, Mpuyem (7) 


ay (x!,t') = ag[1 + 2 Pr (x’, £) (4) 


Ay — CKOPOCTb 3ByKa MOKOAIUeHCH *KUAKOCTH. 

B sBbipaxkenun (3) npeHeOpexem u, Vv JIA YIPOUeHUA BbIKIaOK WH HalinMiiem 
ypaBHeHHA MOBepXHOCTeH MOCTOAHHBIX aBJIeHHM M CKOpocTei 3ByKa (MoBepx- 
HOCTH ypOBHA). YpaBHeHHA MoBepXHOcTeH ypOBHA HaliflyTca Kak oruGasoulne 
(3) npu a,(x’, t’) = const. OkonyaTebHO uMeemM: 


(we ae tt)", 
(9) 
f 03 ‘ / , fi 
VaR (e— x) 5, = ale’, #1) (t— 2), 
rye Ax/at' TipH MOCTOAHHOH a,(x’, t’) umeeT BUA 


ax’ _ —dar(x’, #’)/At’ 
BOs sien Oana tk) /OL ae 
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Ypasuenua (5) cryxar Aa onpenenenua x’ uf’ B byHKUMH X, y, t UM IA On- 
pelenenua Japienua P(x, y, t) = P(x’, t’) B TOUKaXx 3a yapHOH BOMHOM, KOTO- 
pas B HallleM MpHOIWKeHHM He BIMAeT Ha TeyenHe 3a He. J[na onpemenenna | 
yAapHoO BOJIHbI HCMOIbSyeM MpHOMxKeHHy!0 (OpMyJIy AIA CkOpOcTH yapHon 
BomHE! (copmy.ia IIpuma) 


TD) xz 9) Oo TO 1) Ga Se Oy /dt 
apy Vi+(Oylax? 

[loceqHee ypaBHeHHe nmocjié MOACTAHOBKH B Hero x’ H ?¢’ B yHKUHH X, y, f U3 
(5) mp rpaHH4HoM ycJIOBHH 

Y\, rw = % . 
CHYKUT JIA ompemeweHua y = [(x, t) — ypaBHenuaA yaapHon BowHbI. Tlocuie 
ONpeeMeHHA MOCMeAOBATeJIbHbIX 3HAYeHHH yy MpH aHHom ¢ H X u3 (5) MOKHO 
onpeqemuTb x’ ut’, a 3atem u3 P = P,(x’, t’) onpelemmTb aBlenve B TOUKAaX 
yapHOu BOJIHBI. 

OyHako npotse MoxcTaBHTh y uepes ¢’ 43 (5) B ypaBHeHHe Ia CKOpOCTH yap- 
HOM BOJIHbI H HOYT AudpepenunambHoe ypaBuenve Jia ¢t’(x, ¢). Jia paga 
3HaveHHH BpeMeH ¢ MH KOOPAHHAT X JIA BOJIHbI NPOHSBeTeHbI BLIUHCJICHHA, pe- 
3YMbTATbI KOTOPHIX MpHBeeHbI B Tas. 1. 


Ta6daunua 1 
f=00155 cex.,) R(t) = 821757 mijcex 


x 91,72 76,98 €5,2f 54,50 
y 0 6,27 9,35 13,53 
Py, «T/em® 106,74 168,91 199, 70 228 , 56 


JIana pogpt umeem: n = 7, B = 3045 xI/cm?, a, = 1540 m/cex. Jina rpa- 
HMGHOFO aBeHHA GepemM HEKOTOPytO alIMPOKCHMAaLLMIO HCTHHHBIX WaBJIeHH pH 
B3pbiBe B aTMOCHepe (pesKO Mafarollee rpaHHuHoe aBseHHe) 


Pie) = 1,2088[(S)"—1] [Ral 


3 x ane a a, Re 
FL gin] = 8,729 7.481 22, — 7,284 / [1,153 2] — 0,020241 


I[pu aHHblx 3HadeHHAX MapaMeTpoB yapHad BOJIHAa OyfeT NONOTOH, H B @op- 
Mysie JI CKOPOCTH yapHOH BOJIHbI MOXAKHO MpeHeOperaTb (dy/dx)® no cpar- 
HeHHIO C eJHHHLeH. 


B cayuae aBTOMOJesIbHOrO rpaHu4Horo ycoBuA (2) 


Pi(x', t) = Pal (GE), RO =V, 


rye Pq u V — MOCTOAHHBIe BeIHUHHEI. 
TlopepxuocTtu ypospHsa (5) 3anuimytTca B Bue 


=, (6) 
Vera) —4 3 


rae 
See Ail, Westin Geet. 

Kak BHO, noBepxHocTH ypoBHa (6) coBnamyT c NOBepXHOCTAMM ypoBHA 

AJA Mpocton BosHp. Ja onpeqeeHuA yapHol BOMHEI NOMyuaeTcA OObIKHO- 


BeHHOe LHpepenuMasbHoe ypaBHeHve. B yacTHOCTH, AJIA JMHeMHOrO rpaHHy- 
HOrO yculoBua a,(&') = AE’ nomyuaem Ha yapHo BOHE 


“9 (6) —ahatPoainel(H)" =H} a 
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ye 
n+ 1sin@ 
Pe ae 


Jina 3Hauenua a/V = 1/, u A = 2/5 n0 dopmyvsie (7) chesaHbl pacueTbi u pe- 
YJIbTaTbI MpHBeLeHbI B TAG. 2. 
Ta6Oauna 2 
eV 0,9 0,9 0,8 OP ° 10,4 
P, xT /cm? 6863 6610 6083 55141 3400 


Jind MO3ByKOBOrO pacnpocTpaHeHvA MOXHO JIA COMbUIMX MOMCHTOB BpeMeHH 
MIPeAeATb BSaAMMOJEHCTBHE yapHOH BOJIHbI C BOJWHAMM paspAxKeHHA OT NO- 
;ePXHOCTH C MOMOMI[bIO TEOPHH OTPaxKeHHA MPAMOTHHEHHOH yapHOM BOJIHbI OT 
IOBepXHocTH ('). 


WucTuTyt MaTemMaTHKH H MeXaHHKH TlocrynmHsio 
Akayemuu nayK ApmCCP 24 II 1960 


LWMTHPOBAHHAS! JIHTEPATYPA 


1A. A. Tpu6, A.Y. Pa6Ouunun, C. A. Xpuczpuanosnu4, IIpuKs. matem. 
4 mex., 20, B. 4 (1956), 2H. H. Aneuko, JLAH, 109, Ne 1 (1956). 
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Jloxaayn AkajlemMun HayK CCCP 
1961, Tom 137, Ne 4 


HIIPOMEX AHHKA | 


A, T, KYJIMKOBCKHH 
O CTPYKTYPE MEWJIEHHBIX MAPHHTOTHAPOAMHAMHYUECKHX 
YHAPHbIX BOJIH TPH HAJIMUHH BAPOTPCHHH 


(ITpedcmaeneno axademukom JI. H. Cedoeum I XI 1960) 


Bompoc 0 CTpykType HaKJOHHBIX MarHUTOrM~posunaMMyecKUX yapHbIx 
BONH paccMaTpMBasica paHee B padoTax (**). Gayaua oO cTpykType MarHUTOrHy- fF 
POAHHAMHYeECKHX YAapHbIX BOJIH CBOJMTCA K BbIACHeHHIO BOMpocd O TOM, Kakve}} 
M3 OCOObIX TOUCK CHCTEMBI OObIKHOBEHHBIX AupepeHUMabHbIX ypaBHeHHi, ONH- } 
CbIBaIONIUX OMHOMepHble CTalMOHAapHble ABMKEHHA MpoBossmero rasa, MOryT 
ObITh COCRMHEHDI HHTErpasIbHbIMH KPUBbIMH, EJMHCTBEHHO JIM TakOe COeMHEHHE | 
HM 3aBHCHT JIM OHO OT BeMYMHBI JHCCMNATHBHBIX KOSddbuUNeHTOB. B pabote (7) } 
3aylaua O CTPyKType YapHbIX BOJIH paCCMaTPHBaNacb MPH HaNHUHH BCeX JUCCH- | 

NaTHBHBIX KOSPPUIMeHTOB: BASKOCTH, TEMJOMPOBOLHOCTH WM MarHUTHOH BASKO- | 
cTu. Bpii0 MOKa3aHo, 4TO y cuCcTembI 4 OObIKHOBEHHbIX ypaBHeHHH, OMNMCbIBAIO- | 
HIHX OMHOMepHbie CTalHOHapHble ABUXKeHHA raza, HMeeTcA He Oosee 4 OCOOnIX ff 
ToyeK S;, Se, Ss, S4 (KOTOpble MPOHyMepoBaHbI B NOPALKe BO3pacTaHHA MIOTHO- | 
CTH B 9THX TOUKAX), HM BbIACHeH XAapaKTep MOBeCHHA MHTerpadbHbIX KPHBBIX 
B OKPeCTHOCTH STHX OCOGEIX TOUeK. Iloka3aHO, 4TO Bcerfla CyMeCTBYyeT CHHCTBEH- 
Had MHTerpaibHad KPHBasd, OCYUIeCTBIAIONad Mepexog S,—>Se2, KOTOpbI CcooT- 
BeTCTByeT OBICTPOH yapHOH BOHe B cmbicne paooTH (*). Ilappr Touex S,—Ss, 
S1;S 4 U S2—-S3 COCAMHAIOTCA MOCpeACTBOM HHTErpaJIbHbIX KPHBbIX He IIpH BCex 
COOTHOWICHHAX MOKAY AHCCHMATHBHBIMH KOS*pULMeHTAaMH. ITH WepexOfbl COOT- | 
BeTCTBYIOT HeYCTOHYHBLIM B CMbICsIe (*) yapHbIM BOJIHaM. 

Bonpoc 0 cTpyKType MeJWICHHBIX yYapHbix BOTH (S3s—>S4) Np HasHUHH BCex | 
JWMCCHNATHBHBIX KOSPuILMeHTOB OCTasIcaA B padoTe (7) OTKPbITHIM. OTO CBA3AHO, 
M0-BHAHMOMY, C MaTeMaTH4YeCKHMHM TPYAHOCTAMH MCCJIeEMOBaHHA HHTerpasbHbIx | 
KPMBbIX B YCTHIPCEXMEPHOM MpOCcTpaHcTsBe, a TakiKe C TeM, 4TO B (7) MOCTpoeH pH | 
Mep, Korga TOUKH Ss u Sy He COCAHHAIOTCA HHTerpasIbHOH KpHBOH. OWHaKO, Kak 
BLLACHeHO B (3), MpH MOCTpOeHHH 9TOFO MpuMepa Gplia WonymeHa ouM6Ka. 

B pa6otax (',°) ucceqoBaslacb CTpyKTYpa MarHUTOrHApOAMHaMHyeCKHX yiap- | 
HbIX BOJIH B CJIydae, KOra U3 MHCCHMATHBHBIX KOSPPMIMEHTOB OTIMUHEI OT HYJIA | 
TOJIbKO MarHHTHaH BA3KOCTb HM BTOpad KMHeMaTHYeCKad BxA3KOCTb. B pa6ote | 
(3) moKa3aHO, 4TO B paMKaX YKa3aHHOM MOCTAHOBKH BCera CyUeCTByeT EAMHCT- 
BeHHaA HHTerpabHad KPHBas, COCAHHAIONIAA TOUKN Ss Mu S4 UM MpescTaBsarouaar 
CTPpyYKTYPY MeAJICHHOM yJapHOl BOJIHBI, a TakKKe BLIACHeH XapakTep CoeqHHeEHHA 
OCTAJIbHbIX ap OCOObIX TOUeK. 

Hypoxe mpw mpelnonoxKenun 0 OapoTponuu OyfeT OKa3aHO, YTO MEAVJICHHEIE | 
YAapHble BOJIHE! BCerla O6saaloT CTpyKTypou, T. e. TOUKH S3 HW S4 COeMMHAIOTCA 
CMHCTBCHHOM MHTerpasbHOM KPHBOM pH mOObIX AUCCHMaTHBHEIX KOSMDHIUN- | 
eHTax. IIpeqnomoxkeHne 0 OapoTpOMMH yNOOHO TeM, 4TO CBOAUT 3amayy K W3y- | 
YeHMIO HHTerpaJibHbIX KPHBbLIX B TP€CXM€PHOM MIpOcTpaHcTBe, OHAKO Np 9STOM 
COXPaHAIOTCA HEKOTOPbIe OCOOeHHOCTH ueTbIPEXMePHOTO HeOapoTponHoro caly- 
yas (Cp. XapakTep OcOGbIX ToOUeK B (?) H B HacTosmeh pa6oTe). 

Ecam apsenve ecTb (byHKUMA TOMbKO ylembHOrO OObeMa 

p = pv), | (1) 
TO ypaBHeHHe, BbIPakKarolllee MOCTOAHCTBO MOTOKA SHEPTHH, CJIYKUT AIA onpe- 
NeJeHHA BHYTPeCHHeH JHEPrHu Cpefbl, KOTOPaA He BJIMAeT Ha JBHXKeHHe CpeshI, 
MOCKOJIbKY JaBJICHHe 3aBHCHT TObKO OT yebHOTO OObema. 

Papenctso (1) Moxer 6bITb OGecneyeHO mH60 3a cueT cCBOficTB cpenbi, 
BHYTPpeHHAA SHEPrHsA KOTOPOH MpH 3STOM MOKHA MMeTb BUI: 
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8(V,s)=8,(V) + 8:(s), p=—ds/oT, T= 28, (2) 
M60 3a CYeT CBOHMCTB Mpotecca, OOecteuHBalollero BbIPABHHBaHHe TemMMepa- 
‘ypbl (OeCKOHeCUHaA TeNONPOBOAHOCTb, BbISBAHHaAA, HallpHMep, JIYSHCTbIM 
IepeHOCOM SHeprHy). 
* @yukuuto p(V) Oyzem B MabHehuiemM MpelnouaraTh yoBmeTBOpsAIoNleH 
ep aBeHCTBaM 


dp/dvV <0, d@p/dV2>0. | (3) 


YpaBHeHHA, OMMMCbIBAIOUIHe OHOMepHble (BAOMb OCH xX) cTAallMOHapHble 
[BHKEHHA OapOTPONHOM cpefbi UMeIOT BULL : 


Vm OH HV * + 
Deas 7 Leet) x 
| i, = M(o — HoH) = F (4) 
dV 
m,M,—- = M| (V) + MPV + 3— — P| = Fy, | 


ye M uP —noToKu Maccbl A X-COCTaBJIMIONeH UMIysbca; H uw v — cocTaB- 
AHOULME = HANPAXKEHHOCTH MArHHTHOTO Now M CKOPOCTH BOM OCH Y; 
oS = H,/4nM =const; E* =cE,/4nM = const; v,—MarHuTHaA BA3KOCTb; 
My u My— Koaddbunnentot BA3KOCTH Cpefbl, WpHyem m, >0 um, >0. Hoctosn- 
wie Hy u E* 6e3 orpaHwueHuA OOWHOCTH MOXKHO CUHTAaTh MOO%KUTeDHBIME. 
‘leppoe ypaBHeHHe BbIparwkaeT 3aKOH Oma, BTOpoe HW TpeTbe — MOCTOAHCTBO 
FOTOKOB X- HW Y-COCTABJIAIOWWMX MMMyJIbca. © , 

H3yuum mpexkse Bcero MOBepXHOCTH, MOsMyyaloulMeca IIpHpaBHHBaHueM 
HyNI0 MpaBbIX uacTeli ypaBHenuit (4). Tlopepxuoctp Fy,=0 mpescraBanet 
C060 NJIOCKOCTb VU = Aoi, mpoxoxautyo yepes ocb V. Ilopepxuocth Fy = 0 
ABIACTCH IWHJIMHJPHYeCKOH MOBEPXHOCTHIO, MapaJeMbHOH OCH V, HaTAHYTOH 
Ha KPHBy10 


p(V) + MV + H?/8x = P, (5) 


nemKallyio B naockoctu H, V. Ira KpuBan MpelcraBner coOoh pH mpen- 
MOIO*KeHHAX (3) OBaMbHYIO KPHBYIO, CHMMeTPHUHyIO OTHOCHTebHO ocH VY. 
Ceyenne nopepxHocth Fy =O mnaockoctbio v=const saBjaeTcH runepOouol 


. A EHV Hose Be | PP x6 


llopepxHocTb Fu=0 MOMKHO CUHTATb COCTaBJICHHOH M3 TaKHX runepoo.. 


pu v > E*/H, ona nexur B o6actu H>0, V>0. TMepecesenue mosepx- 
Hocteh Fy =O u Fy =O mpesctaBaser co6ol runepOouy 


a 


FY eee ee Aen (7) 


* x os * 
exKalllyio B WockocTH v = HoH, c ropu30nTambHOH acumnToroH V = 41H) 


WJ u= MV =V HV /4n, rye V RV / 4a — anpdpertoscKas CKOpOCT. 
Oco6bie TOUKH CHCTeMbl ypaBHeHHH (4) sexKaT, OYeBHAHO, B TepeceyeHuu 
runepOosbl (7) c muHMeH, OnucbIBaeMoH ypaBHeHueM (5) Ha MOcKOCTH 
Os AGH. IIpu stom toukn S, u Sy JleKaT BbIWe ACHMITOTHI, a TOUKH S3 H 
S,— unuxe. MennenHou yap Hou BOJIHe COOTBeTCTBYyeT Tepexon S3—>S,. 

— Tlopepxuoctu Fy = 0, Fy = 0 un Fy =0 pasz0usaiwt npoctpanctso H > 0, 
v>0, V>O wa neckonbKo o6nactet. Odo3sHauum I— VIII muoxecrtsa, 
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B KOTOPbIX BBIMOJIHAIOTCA CJIeMyIOUlHe HepaBeHCTBAa: 

La Fe 0 hele 0a iva oe Nog pee OF Poe iors Ua 

1b Wee) gis pe a Ved cere RY Er et VI iO Sh 0 ae ae 

Tel yy Ok oe ON ae VN aad rps, Oped iy Sel a Janos ate 

Ve Fy Uy Foe Ue We ge Oe ee 
IIpu stom mHoxectsa I] — VIII sasastotca o6mactamu; MHoxKecTEO I cocTouT 
u3 JByx oOnacteti I, nu I,, NepBas H3 KOTOPbIX IIpHMbIKaeT K TOUKe Ss, a 
BTOpai —K Sy (cm. puce. 1, rye w306paxKeHbI ceyeHHa v=const coor- 
BETCTBEHHO NpH V<u(S,) (2), UpH v (S4)<u<u(Ss) (6) Hu pH v->v(S;) (@)). 


PaccMOTpHM Tellepb, Kak NepecekKaloTcs rpaHHubl oOnacte | — VIII unter- 4 


paJIbHbIMH KpHBbIMH. IIpexye Bcero HeTpy—HO yOeAuTECH, TO eCIM MHTer- 
pajbHad KPHBaA BbIXOAUMT 43 OOacTH H >O, v >0, V >O, To oHa He MOMET 
B Hee BepnytTpcs. JlelicrEHTeNbHO, uepe3 
mgiockoctb V=0O uuHterpasbHbie KpHBbIe 
TOJIbKO BXOAAT. Ecnw MHTerpasbHand KpHuBaA 


BO3pacTaHHH X BCe BpeMsa OyyeT HaXOJMTb- 
ca B OOnacTu, rne dH [dx >Oudo/ dx <0, 


TerpaJibHaH KPpHBaH BbIXOMMT Yepes T0c- 
+ 
KocTb H = 0 (4To RO3MOxKHO pH v > E*/ Hp), 


He CMOKeT BepHyTbcH B OOsnacTb H >O, 
v >0, V>O0. Takne uuterpanbHble KpHBble 
He MOryT CO€MHHSATb OcoOble TOUKH S3H Sy, 
MOSTOMY B JaJIbHeHINeM MOXHO OrpaHHUHTb- 
CAH H3y4eHHeEM NOBeJCHHA HHTerpaJibHbIxX KPH- 
BbIX TOJbKO B OOsacTH H >O0,v >0,V >0. 

Hanpapyenve nepeceyeHua moBepxHoc- 
Teh Fy=O0O, Fy =O u Fy = 0 unterpanp- 
HbIMA KPHBbIMH MOXKHO BbISICHHTb aHaJIOrHy- 
HO TOMY, KaK 9TO CflemaHo B (7), paccmaT- 


dF y/dx|p,—) a dFy / dx lpy=o (cm. pue. 1 @, 
re CTpesiKaMH OOO3HaueHO HanpaBJeHHe ne 
pexoa HHTerpaJIbHbIX KPHBbIX Uepes MOBepxX- 
HocTH Fy = 0, Fy =0 u Fy=0).IIpu stom 
OKa3bIBaeTCH, YTO MPH BO3pacTaHHH x HHTer- 
PaJIbHble KPHBbI€ MOFYT TOJIbDKO BbIXOJHTb H3 
oo6sacteli Il wu VII; B o6snactbIV + VIII an- 
TerpaJIbHble KPHBbIe BXOJAT TObKO H3 O0- 
nactei II u VII, a uso06nacrul1 + V-+VI 
HHTerpaJIbHble KpHBble MOryT HenocpesCcTBeH- 
HO MepeHTH TOMbKO B OOsactTp III. 
PaccmoTpHM loBeweHHe HHTerpaJIbHblx 
KPHBbIX B OKPeCTHOCTH OCOObIX TOWeK CHC- 
Tembl (4). [I]pumenss MeTog padoTb (7), MO%K- 
HO 3aKJIOUHTb, YTO B TOUKe Sz COOCTBEHHbIe 
Puc. 4 3Have€HHA =9yOBJIeETBOpsIOT $HepaBeHCTBaM 
Ay O<hAg< Az, a BTOUKe S,— HepaBeH- 
cTBaM Ay < Ag <O< As. Takum O6pa3oM, HHTerpasbHble KPHBbIe, BbIXOMAULHe 
M3 TOUKH S3, OOpasyioT NOBepXHOCTb 2,, KOTOPas B OKpecTHocTH S KacaeTCs 
MNJIOCKOCTH, TIpOBeeHHOM Yepes COOCTBEHHBIC BEKTOPbI, COOTBETCTBYIOUIHE A> 
u As, a MHTerpabHble KpHBble, BXOAAMIMe B S;, OOpasylOT NOBEPXHOCTh Yo, 
Kacaloulyioch B Sy MsOCKOCTH, NpoBeweHHOH yepes COOCTBeEHHbIe BEKTOPbI, CO- 
OTBETCTBYIOUHe Ay Ht Ao. a 
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BbIXOJMT Yepe3 MOCKOCTh v = O, To OHa IPH | 


HM MNOSTOMY HE CMOKET BEPHYTbCH. Ecau HH- 1 


TO OHA B labHeliuem OyfeT HaxOf{MTbcsH | 
B OOsactH, roe du/dx >0, dH /dx <0, 'H | 


puBaxt 3HakH nmponsBogHbIx dF / dx |p, =0. 


Uceneqya mopewenve 2THX mopepxHocre B OKpecTHOocTH Ss; H Sy, MOKHO 
eyleaTb CJleyIoulve BbIBOJHI: 

1, Tlopepxnoctb 2 B oxpectuocru S3; mpoxoguT uepes odnacru I, III, IV, 
VIII, VI w ne umeer ToueK BHytpn oOsacteft II u VII. 

2. Ilopepxuoctb 2, (¥ =V,(H,v)) B Touke Ss yoBseTBOpAeT ycOBHIO 
OV,/0H > 0. 

3. [TlopepxnocTb 2X, B oKpectHocTH S, mpoxo_uT yepes o6sacru VII, IV, 
VIII mw He uMeer ToueK BHyTpH OOsmacTeti HI wu V+ VI. 

4. Ilopepxuoctb 2, (V=V.(H,v)) B Touke S, yyoBneTBopseT ycnOBHIO 
OV,/0H <0. 

Tak Kak MHTerpaJibHBle KPHBbIe BCIOAY BbIXOAAT H3 OGmacTen II u VII, To 
MOBepXHOCTb 2, He MOXKeET Mepeceyb rpaHHlbl STHX OGACTeH HM, UA OT TOUKH 
S3 M@KLY STHMH OONaCTAMH, JOuMKHAa MpHlitu B TouKy Sy, rye II u VII nogxo- 
maT K Sq. IlopepxnocTb 2, He MOXKET KOHGHTLCA WIM pasqeMTbCA Ha 4acTH, 
Tak KaK APyrux OCOObIX TOUeK MexkLy Ss u S4 HeT. Takum O6pa3om, CylllecTByeT 
XOTA Obl OHA HHTerpasbHaA KPHBaK, COeMMHAIOULAA TOUKH S3u Sq. 

JjokaxKem Tellepb, 4TO CylecTByeT TObKO ONHaA Takan KpuBaa. IloKaxKem 
npexke Bcero, 4TO B TOUKY S4MOryT MPHUTH TOMDKO Te HHTerpaJIbHble KPHBBIe, 
KOTOple, BINA U3 Ss, Bce BpemaA Haxonatca B OONacTH IV + VIII. Jletictsn- 
TebHO, B II uw VII HeT nHTerpadbHbIx KPHBbIX, BHIXOMAMNX U3 S3. MuTerpan- 
HbIe KpHBbIe H3 OOacTH III He MoryT mpHiitu K Sy, Tak KaK OHM He MOryT Mepexo- 
JMTb W3 9TOH OONACTH B Apyrve OONaCTH MH He MOryT HeMmOcpeACTBEHHO U3 Hee 
nogouTu kK Sy. Ecau uuterpanbHad KpuBad mpu v>v(S4) Haxog_UuTca B OONACTH 
I + V + VI, To ona He MOxeT BOTH B S4, TaK Kak B 9TOH OGmacTH du/dx>0, 
a COriacHO NpebILyULeMy BbIMTH H3 ITOH OGMacTH MHTerpadibHad KPHBaA MOKET 
TOJIbKO B OOJlacTb III, oTkya OHa He MOXKeT NonacTb B Sy. UnTerpambuaa KpH- 
Ban, Bbillesiuiad u3 Ss, He MOMKeT OKa3aTbcd MpH v<v(S4) B OOmacTu I + V 4 
+ VI, Tak kak np v<v(S,4) 9Ta o6acTb rTpaHHuNT TombKO c O6nacTamu II, 
VII, II, mpHuem B OOmactax II wu VII net nutTerpabHEx oan BDI {1H X 
43 S's a B III unterpasbHpie KpHBbIe BXOJAT. 

Tloxaxkem Tenepb, uTO U3 OOnacTu IV + VIII TonbKo ona HHTerpayibHasn 
KpuBad BxoguT B S,. B cumy ypasBHenuii (4) B oOnactu IV -++ VIII umeror mecto 
HepaBeHCTBa 


HV [4x — Ho + E 
Be (ie 2 of f )<0, 
oV OV v— HoH 
fea = a) (GU AEN a 0 
dH \ do ) ~ oH OHH — : 


M3 nepporo HepaBeHcTBa CJleqyeT, 4uTO Ha MOBepXHOCTH 2, KOTOpasi 
B TouKke Sz yoBserBopseT ycosuio OV,/0H > 0, He MoxKeT pu yMeHbIUeHHH 
v B oOsacTH IV + VIII nosBuTpea Touka, rye OV,/O0H = oo, a M3 BTOpOrO 
HepaBeHcTBa cyleyeT, uTO B OOmacTH IV + VIII He mMoxer nosBHTbCA TOUKAa, 
rye OV,/0H = 0. IlosTomy sBciomy B 9TO OOmacTH NOBepXHOCTbh 2, yoBue- 
TBopseT ycnosnio OV,/O0H >O0. Tak Kak B TouKe Sy MoBepxXHOocTb 22 yOB- 
jleTBopseT ycnosuio OV,/0H <0, To, oveBHAHO, NOBepxHOcTH 2X, H LX, UMetOT 
€MHHCTBEHHY!IO JIMHHIO MepeceyeHHsA, KOTOpad MU ABMAAeTCH eHHCTBEHHOM 
MHTerpaJIbHOH KpHBOH, coesuHAIomleH Ss u Sy. 


Matematuyeckuit uuctatytT um. B. A. Creksopa Tlocrynus10 
AxayemuH Hayk CCCP {22 X 1960 
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Jloxaagn Akanemun wayx CCCP 
1961, Tom 137, Ne 4 


ACT POHOMH A 


B. A. JOMBPOBCKHH 


AHAJIN3. PACNPEJEJIEHHA ME)K3BE3QHOM MOJISPH3ALLHH 
B JIEBEHE 


(I]pedcmasaeno axademuxom B. A. AmO6apyymanom 28 1X 1960) 


Jia HacTosijero ucceqOBaHHA BbIOpaHa MiowaykKa B cosBe3qun JleGeyn, 
OXBaTbIBalOlad HHTepBana oT 19'52™no 20520™npud B npenenax +34°, 5—f 
+38°0 uuHTepBan a@ oT 20504™ zo 205 32™ npu 6B npemenax+38°0—-+41°5. Kak 
MO pacnoOsOx*KeHuIO, TAK M MO XapakTepy NOJApPH3alHU OHA NpefcTaBAeT COOOHK 
MOJIHYIO MPpOTHBOMOIOKHOCTA OONacTH cosBe3gqua Ilepces, 2a KOTOpOH Hamu 
HeKOTOpoe BPeMA Hasay OblI MpOH3BeReH aHasiM3 nosApHsaunn ('). 

QNeKTPONOApHMeTpHyecKHhe HadOeHHA 3Be3, B JleOeze MbI IIPOMSBOAMAIH | 
B Biopakackou oOcepBatopuu B 1953 r., HW AX PpesybTATbI BKJUOUeHbI B Halll Ka- 
Talor NOJApH3alHH cBeTa 389 3Be3z (2). MuorouncseHHble MOApH3alHOHHBIe | 
HaOJIOJeEHHA B OONacTH Jle6enA ObIIH BLINOJHeEHbI XWbTHEpoOM (3), a TakxKe Xou-} 
som # Muxesesmiom (4). Ha ocHope pcex 3THX JaHHbIX HAMM Oblia BbIBeeHa H 
fipHBeyeHa K CAHHOM CucTeme NOMApHsalHA WA 196 3Be30. STH 3Be3bI HW MOCJy- 
KMJIH MaTepHaioM HacTosuero uccweqoBanuad. Jina rops4uHx 3Be3, KOTOpHie, 
KCTAaTH TOBOPA, COCTABJISIOT NOAABJAIOUee OOJIbINMHCTBO 3Be3 CICKAa, ObIWIO| 
BbIBeCHO ME?K3Be34HOe TMOFJIONeHHe WH MOUTH JIA BCeX 3Be3q — paccTOAHHA. | 
ITO ao HaM MaTepHad Ist pacCCMOTPeHHA NPOCTpaHcTBeHHOTO pacnipenetenus 
B pacCMaTpHBaeMOH OOMACTH 3Be3, HW MbWIeEBOM MaTepHH, HeEOOXOJMMBIM Ws | 
aHaJIM3a MeXK3Be3 {HOH NOJAPMsallHH. 

Ha cyujecTBopanHe B M3y4yaemol OOacTH O-accolnallHu BIIepBbIe yKa3aviK 
B. A. Am6apuyman u B. E. Mapxapsu (°). Ilo coppemeHubim Ke JaHHEIM (* §) 
B HeH CylleCTByeT pA MpOcTpaHCTBeHHIX FpyNMHpOBOK FOpAYHX 3Be3, HO UX | 
XaPaKTEPHCTHKH M3BECTHbI HEAOCTaTOUHO HasexKHO. Hal MatTepHaJl, XOTA M He- 
NipHrOseH JIA CTATHCTHYCCKHX HCCeAOBAHHH pacnpeseseHuAa 3Be3q BOOOUIe, HO 
MOSBOJIA€T YTOYHHTh JaHHbIe O MpPOCCTPaHCTBeHHEIX TpPyNNHpOBkax TopsuHXx 
3Be3. M3 ero aHaJiH3a Mb MIpPHIIK K BbIBOJy O CYINeCTBOBaHHH CJIEQYIOUIMX | 
3Be3QHbIX accouMallMu. B wro-3anaqHOH YacTH OOMacTH Ha paccTOAHHH 2,3 Knic 
BbIJeAeTCA accounanusaA Jle6enb | c neHTpom B ckonmeHun NGC 6871 u BepostT- 
HbiIM pa3sMepom OKOIO 150 nc. Accounanuna Jle6eqp I] yBepeHHo MOxeT ObITb BBI- 
qenena B OOIacTH C rpanHiamu mo 6: —1°—+2°u no 1:40° 5—44° 5. Ee pacctos- 
Hue 1,6 Knc w pasmep He meHee 110 x 80 mc. Ckonmenne IC 4996, cya mo onpe- 
ACJICHHOMY HaMH JIA HErO paccTOAHMIO, ABJIAeTCA ee ALpoM. HeKoTOopple 3Be3Mbl, | 
BHJMMbIM OOpas0M TipHHayexauNe K cKoreHHIO NGC 6883, TaKxKe BXOJSAT | 
B STy accolmaunio. Jlanee HAyT WBe HakMabiBaloulMeca pyr Ha Apyra accoumMa- © 
uuu: Jle6enp III c pacctosuvem 2,0 xne u Jle6enb V c paccTosHnem 1.3) Knee 
Acconunanusa Jle6eqp II] nokanuzopana BHYTpH M3y4aemOl MOWalKu B rpaHH- 
max no b —1°—-+2°unol 44°—46°. Ee saqpom sapasetcs ckonmennue NGC 6913. 
BOJIbIMHCTBO 3Be3l, OTHECCHHEIX HAMM K accounanun Jle6enb V, mexKUT B palio- 
He, TAHYIEMCA OT BOCTOYHON TpaHuubl OOulacTH oO b = +2° HW 3aksIOUeHHOM © 
B HHTepBayie no / 43°—48°, Ora accomumalna uMeeT pasmep nopsgKka 100 ne, 
cxonieHne NGC 6910 spasetca ee aqpom. BecbMa BepOsTHBIM MpeycTaBsAeTCA 


TakoKe CyHleCTBOBaHhe accolnHalHuu pH mogye 12” 2, Ho nal MaTepHad HeAO- 
CTaTOYeH IA ONpeeeHuA ee mapameTpos. 
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> K acconmanusam Jle6eqp 1, 11 u II] npanagnexut OobuIMHCTBO 3Be32, OTHE- 
eeHHbix Mopranom, Butdopnom u Koon (°) K arperatam, cooTBeTcTBeHHO, Jle- 
6enp [, I] w III. Onn moryr Obits Taxxe mpocneKeubt u B KOMMeKcax M1. M. Ko- 
HbIOBa (*), ECM yuecTb pasMuve wIKa paccTosHuli. Janupie 06 accommanun 
pledenp II cormacyroTcs ¢ JaHHbIMM O CKOMJeHHH TOpAYHX 3Be3I, BbILeeHHOM 
xXx SC NN 

ERO NB 

SO OK <> 

SAaeree 4 6G eS 

< Oa 


, +4]° 


ae ar 
ew DR 


TE AE EE ILL OY a OT Te 


Puc. 1. Pacnpeyzenenue nornomenua A, yna paccronnui nopsgKa 1,5—2xKnce. a—170< 
< Avi 5; 6-—1%5 Av < 20; e — 270 < Av < 25; 2 — 275 < Av < 30; 0 —3™< 
< A, <35;e —35 <A, < 4710; 9 —40 < A, < 495; 3499 < A, <510; u —5™0< Av 


Poman (°) u Haccay u Xappucom ('°). Accounanusa JleGenb V fo cux nop He BbI- 
JeAHaCb, HO C€ MOXKHO NPOCeAUTh B BUe CrylleHH 3Be3q B KOMMIeKce Konpi- 


jioBa mp mMogyne 109. Hakone, oTkpsitoe Mionxom vu Mopranom cxomue- 
uve OB-3Be3, O603Hadaemoe celuac OG6bIEHO Kak JleGeyb VI, cormacHo HalmMuM 
aHHbiM He OOpa3syeT eEAUHOH MpOcTpaHCTBeHHOH FpyMHpoBKH. 

Tlormoujaroulad CBeT MaTepHA pacnipeseneHa B MTOUlayKe KpahHe HepaBHO- 
mepHo. Tak, B 10%KHOM nosoBMHe nomaqKu (c 6<+38°) palionbl K samapy oT 
3KBaTOpa (B CeBEPHOM LaslaKTHYeCKOM NOYWAapHu) CpaBHUTebHO MaJlO OTAT- 
YeHHI MOPJIOMeCHHeM M MblIeBaA MATepHsA 3feCb pacripesesieHa OTHOCHTEJIbHO paB- 
HoMepHo. Mcksm04ueHHeM SABJIACTCA JIMUIb O6aCTb TeMHOH TyMaHHOcTH Bep- 
Hapn 144. Hau fanupie noxTBep»xaioT 3aKkmrouenne Haccay u Max-Pea (1"), uTo 
3eCb Ha paccTOAHHH OKOJIO 900 nc WexKUT IIblIeBOe OOIaKO CO CpesHUM MOrsionye- 
HuemM lopagKa 1™. K BocToKy OT ramakTH4ecKOrO dKBaTOpa (B 1OXKHOM FaslakTH- 
4eCKOM MOJYUapHN) WexKaT MOULHbIe MblvIeBLie OOIaKa C rTpaHnet, HLyueH mpu- 
‘MepHo 10 ramaKTH4ecKOMy 3KBaTOpy. OuM yxKe AA pacctosHu 1,3—1,6 knc 
MpuBOAAT K MOrmomenuto nopazKa3™ uw Oonpuie. B 3anaqublx patonax ceBepHo 
NOJIOBUHbI MroulayKu (c 6->+-38°) normomeHve CHOBa HEBEJIHKO HW JOBOJIBHO paB- 
HomepHo. Jl ambiuie K BOCTOKY MOrOUleHHe CTaHOBHTCA 3HAYHTeJIbHO O6JIbLIMM 
HW BeCbMa HpperyApHbIM. BOWbUIMHCTBO MbIWIeBLIX OOAKOB JI@KUT Ha paccTos- 
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HHSX CBblINe | KIC, HM BbISbIBAeMOe HMH NOPOWeHHe Jin paccTOAHHh nopsaKa} 
2 Kc JOXo_UT Jo 4™. Stu oTAesbubie OOaKa OKONO raslakTH4eCKOrO 9KBaTOpa H 


CIJIOWIHY!O MIbWIEBYIO 3aBeCy, IIPHBOJAMLyIO Ha paccTOAHHAX NopsyzKa 1,6 Kkne 
K morsoujenHuio 4™—5™, Hani aHHble He MpoTHBOpeyaT 3akmIO4eHHAM Mxcano- 


\y" 


+4Q° 


ica +38° 


ae 


ge cole bale “te +38° 
Bulge? 998 ere Dae 


' as 
ne Pg 
ate) 
Sty ep rg Ne "ai 
ee as . 

+36° x een +36° 
+ 35° iz 1 +35" 

4 t 


20H 167) 1 jo OST s? 20" 00 SG ee 


Puc. 2. [paduueckoe u306paxenne nomspn3aunn cBeta 196 3Be3q (HanpaBJeHHA H JIMHbI NpsA- 
MbIX_OTP€3KOB COOTBETCTBYIOT TIOJIOMKEHHIO MIOCKOCTH MpPeCHMYIUIECTBEHHBIX KOJeOaHHH HW BesH- 
yHHe MOApHsallHH) 


B lipeleax paccrosnuit ]—1,5 xnc. OOulaa KapTuna pacnpexenenua B uCcHeye- 
MOH MMIOUWALKe NOPIOWeHHA LIA paccTOAHHA NopsAKa 1,5—2 xnc npescTapsena 
Ha puc. |. 

OdunacTb B Jledeze xapakTepu3yeTcsA, KaK MbI Y2Ke OTMETHJIN BbIINe, COBEPIeH- 
HO HeYIOPAMOUCHHOH, Ha MepBbI B3rIAL, MOMAPH3AWHeH, YTO XOPONIO UMIO- 
crpupyetcs puc. 2, H300paxKalollHM NOJIAPH3allMlo BCeX 3Be3] OOaCTH, BKJIKOUeH- 
HbIX B HacTOAUlee paccMOTpeHHe. OHaKO, BbIJeAA 3Be3IbI, HMeIONLHe pasiH4y- 
HytO OT HaC y\aJIeHHOCTh — IIpHHayeKallve K Pa3HbIM accolMallvaAM,— Mb 
MOWy4aeM 3HAYHTeJIbHO Oosee peryApHoe pacnpeyenenne nouapu3annn. Tipu 
3TOM B KaKJOM JaHHOM HalipaBJIeHHH XapakTep NOJIAPH3allH OOBIMHO OKa3bIBa- 
eTCA OOIUM JVJIA BCeX 3Be3], CCIM TOJbKO OHH yJlayieHbl He MeHee 4em Ha | — 
1,5 KIC. ITO BNOMHE MOHATHO, CCIM CUNTATH, YTO NOAPH3AaIlHA 3BeE3HOFO CBaTa 
BO3HUKaeT IPH MpOXOKMCHHH HM M@K3Be3HOH Cpesbl, H CCIM yYeCTb, YTO MeXK- 
3Be3 Had MIbIIeBaA MaTepHA JeXKAT B OCHOBHOM Ha paCCTOAHHAX, He MIpeBbllliato- 
mux 1.5 knc. PaccmMaTpHBad W3MeHeHHe HalpaBJeHHi NOMAPHsallMN U BeEAMUMHbI 
OTHOWCHHA NOMAPH3AWHH HM MOPJIOWLeHHIO, Mbl, CCTECTBEHHO, MOXKEM COCTABHTb 
MpeycTaBMeHve O XapakTepe H3MCHCHHA MOJIAPH3YIOUWHX CBeT CBOHCTB MexK- 
3Be3QHOH Cpebl MH O CTPyKType OPHeHTHPYrOUlero MexK3Be3THbIe MIbIIMHKH Mar- 
HUTHOrO MOA. 


816 


O6ulai Kapta PaciipeeeHHA NOAPUSyroWero AeHcTBUA BCeH TOJILIM MIbI- 
IeBoH MaTepHu No paccToannit 1,5—2 xnc mpegzctaBuena ua puc. 3. Anas 9Toli 
<apTbl H COMOCTaBJIeHHe €€ C AaHAJIOTHYHBIMH KapTaMH, COCTABJICHHBIMH 110 6owlee 
JIM3KUM M Oovlee aleKUM 3Be3aM, NO3BOAeT HAM YTBEP2KLaTb, YTO MEXK3BE3IL- 


207528 2824 
<a 


20" 16" 127 98™ 94™ agrog” 56™ 19°52” 


<— 


Puc. 3. CxemaTHuecKad KapTa CyMMapHOro MOJApH3ylonlero jelt- 

CTBHA BCel TONMH MbWIeBOH MaTepHH BIIOTh MO paccrosHHi 1,5— 

2 KMC (HampaBJIeHHe MPAMBIX COOTBETCTBYeT MOJIOXKEHHIO MIOCKOCTH 
IIPEHMYeCTBEHHEIX KOeOaHHi, WIMHa — OTHOUWeHHIO p/A,) 


iad MaTepHa B JleOefe OOaaeT BeCbMa Pa3JIMGHOH B Ppa3HbIX Me€CTAaX CIIOCOOHO- 
TbIO IIPOAYUMpPOBAaTb TMOIAPH3alHIO, HO OMHOPOMHOCTh ee NMOMAPH3YIOWUX 
BOHCTB MOXKET COXPaHATHCA B MO/IAX NPOTAXKEHHOCTHIO JO MHOTUX COTeH MapceK 
1, 10-BUUMOMY, OOBIUHO OOaarOUMX 3aMeTHOH BbITAHYTOCTHHO M10 Jyuy 3peHus, 

. €. BUOIb CIHpasbHOrO pyKaBa. OueBuHO, MOAOOHy1O %Ke CTPYKTYPy OMKHO 
[MeTb H MArHHTHOe Mose. SameyeHO TakxKe, YTO OONACTH OAHOPOMHOTO MarHHT- 
[OrO MOJIA MOMVAC OKA3bIBAIOTCA 3HAYHTEJIbHO OOJIBINHMH, YM HeTOcpesCTBeHHO 
[aOJOAeMbIe TIbIIeBbIe OOaKa. 


JleHHHTpagcKHH YocyapcTBeHHBIi YyHHBepcHtTeT Tlocrynuso 
um. A. A. )KmaHopa 23 IX 1960 
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Jloxnagn Akagemun wayr CCCP 
1964. Tom 137, Nb 4 


MATEMATHYECKAA ®H3SHK AR 


b. M. CTENAHOB 
®OPMAJIBHOE OFIPEREJIEHHE R-ONEPAUWHU 


(I]pedcmaeneno axademuxom H. H. Boeoatwbosom 11 X 1960) 


Bnepspie R-onepatua Opa BBeqeHa H. H. Boromo6ospim u O. C. [apacro- 
KOM B pa6ote (1) Kak o606meHHe pesybTaToB Jaiicona — Camama (?,°). OcHoB4, 


TeOPHH BOSMYINLeHHL TOce MpuMeHeHua R-onepalun Oplia WOKa3ana B (*) u 3aTeMl 
jleTambHo paccmoTpeHa B (°"’); JambHeiillee yTOUHeHHe LOKasaTeJIbCTBAa Cojsep- 
*KUTCA B (’). Ota TeopeMa ABJIAETCA OCHOBOM JIA PpasHOOOpasHbIX MPpHMeHeHUHy, 
TCOPHU, B YaCTHOCTH JIA MPHHUMMMaIbHOTO PelUeHHA BONpPOCa O BO3MOXKHOCT 
PeHOPMHPOBKH TOM HIM HHOM YacCTHOH Teopuu B3anMMoOpelicTBHA (°,1°). 

B HacTosieH 3aMeTKe JlemaeTCA MOMbITKA JaTb MpocToe, PopMasIbHOe onped 
Jenene R-onepaluu, yoOuoe AIH KOHKPeTHBIX IIpHJIOMKeHHU, H 3aTeEM YKa3aTbI 
B SABHOM BHJ€ CBA3b M@XKLy CTpyKTypoH A-onepalWH HW MpOW3BOJIbHbIMH KBasH-} 
JIOKAJIbHbIMM ONepaTOpaMH, JOMyCKaeMbIMM YCJIOBHAMH MPH4YHHHOCTH MH yHUTap- 
HocTH. JA MpOcTOTh! H3/IOXKeHHA YROOHO BOCHONb30BaTECA, O€3 KaKOrO ObI TO 
HH ObIIO OrpaHHYeHHA OOULHOCTH, CJIy4aeM CHMHOPHON QIeEKTpOAMHaMUKH. Kpo- 
Me TOTO, JIA ONpeWeJIeHHOCTH, IpeAMOJIORKUM, ITO HCHONb3yeManA PerysApHsa-} 
IMA MPHYHHHBIX PYHKUMH OONAaaeT CBOHCTBOM JIOPCHTWOBCKOH KOBapHaHTHO- 
ctw. Moxuo cede MpeACTaBJIATb, HallpHMep, IPHUMHHbIe (PyHKUHU peryApHso-h, 
BaHHbIMH 110 cnocoéy Ilaysu — Buasnapca *. L 

Bpejlem cHayasia HeKOTOpble ompemeeHua. ByeM Ha3biBaTb 9JIeMeHTApHBIMy 
rpacom HW O603HauaTb Yepes O(x;) HH MpOCTO yepes Oo; BeEpLIMHY NepBoro nopsAL- 
Ka BMeCTe C TIpHHadexKalluMu et WMHHAMM. B paccMaTpHBaeMOM CJIyuae TakHX. 
JIMHHH TPH: POTOHHAA, IICKTPOHHAA HM MO3HTpoHHaA. TO O6cCTOATebCTBO, UTO 
BCe JIMHHV, IpHHaliexailue sIeMeHTapHOoMy rpady, NonapHO pasJIHUHbI, UMeeT! 
HEKOTOPOe MPeCHMYMIECTBO B CMBICJI€ YIPOMeHHA H30%KeHHA. OT 9TOrO oOrpaHH- 
YeHHA, OHAKO, OUCH JIETKO OCBOOOLUTHCA, KaK OyeT ACHO U3 aJlbHeHMero. 

Byjlem ropoputb, 4To rpad G mpHHayqiexKuT K Kaaccy © Tora u TObKO} 
Tora, Kora OH OOMaLaeT CIELYIOULUMH JBYMA CBOMCTBaMH: 

1°. Bee BepuiMHbl rpada G ABMAIOTCH IIEMCHTApHbIMH rpadamu. 

2°. Bee BHYTpeHHHe JMHHH rpacda G nomyyaroTcA MomapHbIM ciapHBaHHeMy 
JIMHMH, IpWHaeKalluxX pasJIM4HbIM H TOJIbKO pa3JIMUHbIM BeplHHaM, C pe | 
AeHHeM MIPHHILMNa HeMpepbIBHOCTH (ePpMMOHHEIX IMKJIOB. 


K( 


Tuna &, nOSTOMy MBI OrpaHHYMMCA paccMOTpeHHeM rpacoB TOKO Takoro THA. 
OnpeesuM Tenepb onepalluio yMHOKeHNA JByx rpados GEG u G” 66 Ta- 


IpHHaiexkaulu K TOMy Ke Ksaccy &. YcTaHoBuM JA STOO MexKy BHELIHHMH | 
JIMHUAMM rpacdos G’ uw G” HeKOTOPOe IPOH3BOJIbHOe COOTBETCTBHE, YOBJICTBO-| 
paAlomee TONbKO Tpe6oBaHHio 2°. B pe3yuibTaTe NoMmapHoro ciapHBaHHA COOT- 
BETCTBYIOULMX pyr Apyry JMHHi BOSHHKaeT HOBIi rpad) G, KOTOpbIi MbI H Oy- 
eM Ha3bIBaTb IIpousBesenuem rpados G’ u G”. OueBuyHo, uTO nopsqOK rpada G| 
paBeH CyMMe TlopsqKoB rpadoB-comHoxuTesei G’ u G". Jlerko yOequTECHA, ITO} 
Kak 3ajaHue rpados G’ u G” W 3aKOHa COOTBETCTBUA, COBMeCTHOTO Cc 2°, OJHO- 


* TIpeanoulowKeHHe O JOpPeHTI[-HHBapVaHTHOCTH peryApHsalluH He OOs3aTebHO (cm. (11,1°)). | 
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IHO OpeslenneT rpab G = G’« G", Tak Hu, OOpaTHO, 3azaHue rpacda G ofHO- 
THO OMpeeAeT COOTBETCTBHE MEXKAY BHELIHHMH JIMHUSMU rpados G’ u G", 
<OTOPHIe MOXKET OLITh Pa3OHT C MOMOMIbIO pacceyeHHA HaexKalllMxX BHYTPeH- 
Muu rpad G. STO yTBepxAeHHe cipaBeIMBO, KOHE€4HO, TOJIbKO B TOM 
yae; KOrla BCe JHHUH SeMeHTapHoro rpada nonapHo pasJIMUHHI. 
B calyuae Tpex rpados G’, G’, G” ux mponsBesenue onpesemsetcs nocmelo- 
2JIbHO: CHavala OOpasyeTcaA MpousBesqenue AByX NepBblx rpatos GCG’ * G", 
ITEM MIOJIYYCHHEIM B pe3syJIbTaTe rpac) yMHoxKaeTca Ha TpeTHH (G’* G")*G”. 
SIcHO, UTO ONpeseseHHOe TAKUM OOPa30M MpoNsBefeHHe OOJIaaeT CBOHCTBOM 
MYyTATHBHOCTH 

G'«G" = G"«G’ 
CCOILMaTHBHOCTH 


Gere te Ge) 


IlocuieqHee CcOOTHOWIeHHe, B CYUHOCTH, TPHBHaIbHO, Tak Kak rpad 
© (G’*G") onpeyemmeT TakxKe COOTBETCTBHE Me/K]Y BHEWIHHMH JMHUAMH 
50H Mapbl H3 TpexX 3a aHHbIX YTpacdOB-cOMHOMKUTeTeH, MpoUsBeseHue xe 
*G")*xG” OOpasyeTCH MO 3aKOHY, ONpesesAeMOMY 39THM COOTBETCTBHEM. 
PaccmoTtpuM Tellepb MPOW3BOJIbHbIM rpad n-ro nopsnka G,€6. B cuay 
JIAHHBIX OpefeJeHvH MO2%KHO HamlWcaTb paBeHCTBO 


C= GI Gj. 


(<i<n) 


IIpouspefenue, cTosmee B IpaBol wacTH 9TOrO paBeHcTBa, OOpasyercaA 

3aKOHY, oOlpefemsemomy rpadom G,. FPa300beMm MHOxKeCTBO MHeCKCOB 
eeeeeetal ffi ~ WOAMHOMKECIB © (i,,.--,%4,); ~(imeets=- > in -tn;))--- 
., (ee ere ana lO) a natin, of 5) BHCKCOB. . Bo KayKyIOM 


> hh = ny. O6o3HauMM Takoe pa30veHHe uepes ®,,. Torga, B cuay 
<kh<m F 


AZAHHBIX CBOHCTB TIpOH3BeleHHA, OyeM HMeTb TakxKe 


= (G,,% « . « #Oz, )#(5z, 14% + HO BO be, aes toy, ae I Gry» 
1k<m) 


(1) 


<OBO ObI HH ObisIO pasOueHHe M,,. Tloquepkuem, uTO rpatppl 


O; #6 # Oz, = Gay. -, = Gh, 


; COO of ESO} 
1 Se Ses ppetata Yin 


1O3HauHO OMpeseseHbI. B cooTBeTcTBHH C TepMuHOOrHel pador (1, * 1° 
| WacTHUAbIe rpadbl MO%KHO Ha3sBaTb OOOOMWLCHHBIMH y3usaMu. 

ina copMysMpoBKu OOOOUIeHHDIX paBus cooTBetcTBHa WeliHMaHa — 
McOHa ‘ yOOHO BOCHOMb3OBaTbCH BBEJeCHHDIMA B (') cHMBomamu A (G,,). 


ompeyenenuio cumBow A(G,,) OsHauaeT, uTO rpacdy G,, CTaBHTCA B CoOT- 
"Er 
icTBHe ®e{HeKOTOpad KBa3HJIOKabHad (yHKus Gay Met ee a ee wave 


ptiner Bale) C BxXOfaMH (HHJeKcaMH), KOHPOpMHBIMH BHeLIHHM JIMHHAM 
ba Gy. OTH BXOMbI MOryT ObITh CBOOOAHbIMM (eCJIM COOTBeETCTBYIOINMe UM 
MHMe JMHUM Gp, ABSIOTCA TakxKe BHCLWIHMMH JIMHUSMH Gp) WIM 3aHstTbIMH 
MM COOTBETCTBYIOIWNMe HM BHeUIHHe JIMHHM Gy, ABJAIOTCH  BHYTpeHHUMH 
qHAMH GFZ) COOTBETCTBYION[UMH peryJIAPH30BaHHbIMH TPpHUMHHbIMH dyHK- 
imu per D° (x;— x;) unu per S* (x; — x). 

Ksa3ul0okasIbHy!l0 (PyHKUHIO dé, OUpeeIUM Telepb CJleLyIOWHM OOpasom. 
1m rpad Gn (Ny > 2) HeECBA3HbIM WIM CAaOOCBASHDIM, TO, HO ONpeseeHslo, 
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OyeM CUHTATb 
dg =U): 


nr 


ayer moTpeGopatb, uTOOb! OHa OOJlafasa HalexKalluMu TpancsopMallMOHHBIMI, 
CBOHCTBaMH (B IIpOcTpaHcTBe — BpeMeHH, B HS3OTOIMHYECKOM IIpOCTpaHCTB}, 
u T. 2.). Ee TouHpilt Buy ONpeseIMTCA JIMWUb Mocle Nepexoya K PH3H4eCKOMI, 
mpeflemy, Kak OO 3TOM OyfeT CKa3aHO HMxKe. 
Hakone, mpH nm, =1 d, ABAAeTCA BepuIMHHOH Matpuuel /lupaka. 
ConoctaBuM Tenepb pa3OueHHio (1) KosdpuluentHy!0 PyHKUHIO 


BCs E28 “g 


cTpyloululi rpapy G, u pasOvenmio ®,,. Takum oOpa3om, smo6omy rpady G} 
colocTaBsneTca px. OepaTOpoB OAHOH H TOH %Ke OMepaTOpHOH CTpyKTypp. 
(onpefemieMOi BHeLIHHMH JMHHAMH G,), pasMUaIOULUXCA JIMIIb, B 3aBHCHp, 
MOCTH OT BHJla pasOneHHA Nn (lL Cm<Cn), KosppuuNeHTHDIMH CyHKUMAME 


>KeHHH S-MaTpHUbl NO TeEOPHH BOSMYyLeHHH HMeeT BHI: 


Sn (Kimmae pen) = 


== >) imT (Nae (5, Bre bad Xin) ane Ane (ag eA aia a0 Xin))s ( 


(Nr I<m<n) 


re CYMMHpoBaHhe pacipoctTpaHAeTcA Ha BCEBOSMOXKHbIe pa3JIMUHble pasout 


HbIX 9PMHTOBbIX onepaTopax A,,. R-omepal\uaA COCTOHT, B CYLLHOCTIM) 
k 


B He€KOTOPOM YacTHOM HX BbIOOpe, KOTOPHIN ceHuac OyteT yKa3aH. Paccmotp 
COBOKYIIHOCTb BCeX rpacoB NopsApKa ny: {51*...*5n,}. OOpasyem No Janno 


BbILUe MpaBHJly COBOKYNHOCTb BCeX KOS*PPHUHEHTHBIX yHKUHH (dors... 46 ny, 


COOTBETCTBYIOINMX TpadaM W3 COBOKYMHOCTH {6,*...*5y,}, @ 3aTeM C TI 


! 


MOIWLbIO 9THX KOSPPHUMEHTHBIX PYHKIMH — COBOKYIHOCTb BCeX COOTBETCTBYI 
IIMX MM ONepaTopoB. OnpefermumM tTelepb onepatop A,, Kak CyMMy BC 


MOCTPpOCHHbIX TAaKHM OOpa3s0m onepatopos. B Tom ciyyae, Kora cpelu JIMH 
QJeMeHTapHoro rpacba HMewTCA OJMHAKOBbIe, BOSHHKaeT BbIPOKAeHHe, Mp 
BOAAMee K TOMY, UTO pasJIMUHbIe OlepaTOpbl BXOJAT B CYMMY C HeKOTODPBII 
ILEJIOUHCICHHBIMU KOSPPHUNeEHTAaMH, PaBHbIMM NOPAAKY BbIPORKMeHuA. 

Jlerko yOequTbcaA, uTO HMeeT MecTO OOOOuIeHHan Teopema Buka. Meu 
T-n1pons3BefeHne 


TeCAR CG Xin os: Nn, Co Mra nero aca veep oey ee ))) 


PpaBHO CyMMe IIO BC€BO3MOXKHbIM rpadam n-ro nopsyKa G,€@ mpu 3aqany 
pasOnenuu ®,, BCeX OMepaTOpOB c KOIPPHIHeEHTHDIMH YHKILMAMH H3 CO 
K YMHOCTH 


{A (6;, * eens Oi,,) hres (Sie eae soe #5; )}- 


TakuM oOOpa3oM, BbIpaxKeHne (3) aBJIaeTCA CyMMOi 10 BCeBO3MOxKHE 
G,r€G HW lo BceM pa3sMYHBIM pasOnveHHAM Ny (1<m <n) Bcex onepatopd 
NO YuarouluxcA WS KOSPPHUMeHTHBIX PyHKUMH (2), Hu, 3HadHT, Koadpunuel} 
Mble (yHKuHH S,(x,,...,X%n) C OMDeWeeCHHBIMH BBIWe KBa3HJIOKaJIbHbI 
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Mepatopamu A,, HMeloT BHA 


DA Gale A (G,.). 


(Nir I<m<n) 


B (**) RoKasprBaeTes, TO KBa3HJOKaIbHble (byHKILMH dG, MOryT ObITb 


bIOpaHbl TaK, YTO TocNefHee BbIPAaxKeHHe OKAKeTCA KOHEUHBIM Tlocse CHATHA 
eryiapusaiiun. TlostTomMy cka3aHHOe BBIIe MOXKHO KpaTKO pe3lIOMHpoBaTb 
ReyqyiouluM oOpa3om. Koaddpbulnentuan dyHKUns 


PE Guay.) =o 0D) AG AON (Ga (4) 


(Nn 1<m<n) 


BbIOPaHHbIMH TOJIbKO YTO yKa3aHHbIM crocobom A(G,,) nocae cHATHA pe- 


yIApPH3alluH He OyfeT cofep2kaTb pacxofuMocteli, pu 2TOM BCe dusnue- 
KHe yCJIOBHA, Halaraemple Ha S-MaTPHIly, OKa3bIBalOTCH aBTOMATHUeCKH 
BINOJHEHHBIMH. Bpipaxkenve (4) sBiaseTca (bopMaJIbHBIM ompemesenvem 
-ollepalwH Kak OllepawMv, conocTaBssiolleH Kaxkomy rpadby G, (n> 1) 
BOIO KOIPPUMHEHTHY!IO PYHKILHIO. 

B 3aksioueHHe BbIpaxkalo OnarofapHoctb B. C. Buaayumuposy 3a mpy- 
seckoe OOcy2KeHHe pla BOIpPCCOB, 3aTPOHYTHIX B’ 39TOH padotTe. 


MatematuyeckHii uHcTHTyT uM. B. A. Creksopa Tlocrynuuio 
AxkajemuH Hayk CCCP 29 IX 1960 
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Woraagn Anranqemun HayK CCCP : 
1961. Tom 137, Ni 4 


b. H. TEPLIMAH 


O HEKOTOPbIX OCOBEHHOCTAX MONEPEYHOLO 
PACIIPOCTPAHEHHS BbICOKOUACTOTHDbIX BOJIH 
B MArHHTOAKTHBHOH MJIA3ME 


(IT pedcmaeaeno axademuxom.M. A. -Jleonmoeuuem 7 X 1960) 


XKCHUA JJICKTPOHOB MH JOCTATOUHO 2peKTHBHO MpOABJIAIOTCA TOMbKO IPH pacipo 
CTpaHeHHH B HallpaBJIeHHH, NepneHyuKyIApHom momo H, (monepeyHoe pacnipo 
CTpaHeHHe), HJIM B HampaBJeHHAX, OM3KHX K yKa3aHHomy. Hue canTaeTca 
YTO paclipOcTpaHeHue ABJIAeTCA CTporo MoMmepeyHbIM. 

Ja monepeynoro pacipocTpaHeHusa Mp MCHOJIb30OBaHHH MeTOa KHHeTHUeC 
KOrO ypaBHeCHHA H3 HepeJIATHBUCTCKOM Teopuu Obl CenaH BHIBOR (1~*), 4T 
B OOJACTAX “UACTOT, OJM3KHX K FHPOWACTOTE 3JIEKTPOHOB Wyo HIM KPaTHbIM 4a) 
cTOTaM 2 O79, 3 Wy,9,..-, HOJMKHbI MOABJIATbCA Y3KHE 30HbI, BHYTPH KOTOPBI 
HeBOSMOXKHO pacipoctTpaneHve BOH. YTBepxKMeHHe O BOSHHKHOBeHHHU T1006 
HBIX 3alIpeleCHHbIX 30H («lemeH») Oblm0 BHepBbie ccbopMymupoBaHo Tpoccom 
B ero paoote (*) u mo3qHee B (?-“) IeMM UCCIEMOBaIMCb TOADKO JIA WasMeHHBI 
BOJIH (BOJHbI THIa 3). BeriBoy, O MOABJIEHHH ee MOXKHO IPH HepeATHBUCTCKON 
MOAXOfe paciipOcTpaHHTb HM Ha HeOObIKHOBeCHHbIE H OObIKHOBEHHbIE BOJIH 
(BomHbI | u 2). 

TOJIbKO YTO BLICKA3aHHbIe YTBEPKAEHUA O WeAX HYKMawoTCA, OMHAKO, B 3Ha 
YMTeJIbHBIX HM3MeHeHHAX. B wacTHOCTH, CJleqyeT NepecMOTpeTb OTHOCHIHEC 
K 9TOMY BOMpocy pe3syibTaTE! u3 (1+). Jeno B TOM, ITO HepesJIATHBUCTCKHK anal 
JIM3 OKaS3bIBaeTCA HefocTaTouHbIM. Jia KOppeKTHOrO pelieHHa HeOOXOLUMG 
B TIEPBOM IIpHOM2KCHHM, KOTOPbIM MbI M OrpaHHYHMCHA, YUeCTb PesJATHBUCTCKYK 
3aBHCHMOCTb MACCBI IJIEKTPOHA OT CKOPOCTH ero TeMJOBOTO JIBUXKeHHA. 

Hwxke CpaBHUTeIbHO TOLpoOHoO OyfeT paccmoTpeH HaHGouee pocToH cy} 
ual paciipO2TpaHeHHA OOLIKHOBeHHBIX BOTH. AHamorMuHoe HCCIeqOBaHHe MI 
BOJIH 1 uw 3 HMeeT OouIee TPOMO3AKHH XapakTep, M MbI 3eCb OrPaHH4MMCA JIMIL 
IIPHBEACHHEM MOJIYYCHHIX Pe3YJIbTATOB HM HEKOTOPbIMH ConocTaBeHuamMH. JLane 
BCIOAY OyeM IpeHeOperaTb BJIMAHHEM CTOJIKHOBCHHM ICKTPOHOB C JpyrHM 
yacTunamu. Ilna3ma ipesnosaraetca He OUCHb CHJIbHO HarpeTOU, TAK UTO BbINO 
HAeTCA ycoBHe B? = “x7T/m,c*<1 (m, — Macca noKoA aeKTpoHOB, T — H? 
TemllepaTypa, % — nmocToxHHaa Bospimana). 

Ilepexoqa K aHasM3y NOBeeCHNA BOIH 2, IpUBeweM CHadasa pesyJIbTATHI He 
peJATHBUCTCKOrO pacueta. B cyaae, Kora paBHOBeCHOe paciipeseseHve 9IeKT 
PpOHOB lO CKOPOCTAM ABJIACTCA MAKCBEJIJIOBCKUM, JHCMepCHoHHoe ypaBHenn 
ano B (°). M3 dopmyr (35) padoter (5) npu yenoBun 


~~ 


MOF, 9 
MpuXoqum kK ee ee 
8 ; 3 
p=1—off +785 i ae ti oa 


(2 


Ycuopue (1) oOprmHO HapyllaeTcs TOJbKO B CyyYae CACO AaHH3OTpPOMIMH. 
B cootuomenusax (1) uv (2) ucnomp3ytotcA oG603HaveHHA: Wy, = eHo/moc — 
PupoyactoTa aIeKTpOHOB (@— aOcCOMIOTHaH BeMMUNHA 3apsfa_9sJleKTpoHa); 
v = 4ne?N/mow? (N — KoHIeHTpallua 9eKTPOHOB); UW = W70/0?; k= k — ig — 
KOMII€KCHOe BOJHOBOe YHCIO; m = n — iy — KOMMJICKCHBI MOKa3aTedb mpe- 
JOMJIeHHA (G — aMIWINTyYQHbIM KoaddpvuNeHT MOrOuWleHHA, Y%— NoKasaTenb 
nloromenua). YpaBuenne (2) MowyyeHO pH HCHOMb30BaHHH pa3so*KeHUA 
lo cTeMeHAM Masloro MapaMetpa 6 (ueHamu ~ 64 mpeHeOpexeHo). 

Bes yyeta Tenmoporo JBuxKeHHA aeKTpoHoB 6 = 0. Torga u3 (2) npuxo- 


uM K tpocroli dbopmyme nj=1—v, cormacHo KoTopoi pacnpocrpanenue 
‘BO3MO%KHO upH v< 1. B oOpatnom cmyyae n><0, Hu pacmpoctpanenue 3a- 
TipeljeHo (npu ny<0 B OMHOpPOmHO cpeqe NOMA Mpu usMeHeHuN TO ocH Z 


Fog a 
-YOBIBAIOT, He OCILMJIJIMpyA, MO 3aKOHY exp (—-2|n2|2)). 


Ecau xe 6=£0, To u3 ypaBHeHua (2) NerkO yCcTaHOBHTb, 4TO pH v<l 
paciipocrpanenve BOSMOXHO yxKe He Jin Bcex yacToT w. B oOnacTAx, rye 
© ~0H,0, 20H,9, 3@H,9 (HM, cooTBeTcTBeHHO, U1, 14/4, 1/9) Bo3sHHKAaIOT 


y3Kve 30HbI c wmpuHol Aw, B KoToppIx m<0. Jina ocHoBHoh meas 
B OONaCTH @~Oy,9 H3 (2) Nonyuyaem, uTO Aw/o = B?0/2<1. [na peso- 
HaHCOB @ ~ 20H,0 H.W 34,9 WMeeM cCOOTBeTCTBeEHHO oneHKH Aw/@< Btu 
u Aw/o<B°v. Takum o6pa30M, Aa BOHbI 2, Tak Ke KaK H JA BONDI 3 
(74), MO%KHO B HepeAATHBHCTCKOM MIPHOIM2KeHHU CTaBHTb BOMpoc O BO3- 
HUKHOBCHHH IlesIeH, OTHOCMTeIbHaA WINpHHa KOTOPbIX YMCHbIMAeTCA C pOCTOM 
HOMepa rupope3oHanca. Kak yoxKe yKa3bIBaslocb, JIA OKOH¥ATeMbHOrO pelle- 
HHA BOTIpoca O IMeNAX CielyeT y¥eCTb PeMATHBUCTCKHe TompaBKu. HexKoTo- 
pble BOMpOcCbl peJIATHBUCTCKOH, KUHETHUeCKOH TeOpHH paciipocrpaHeHua 
BOJIH B MarHHTOaAKTUBHOH Wa3Me paccMaTpuBasucb B (®, “). Specb, OfHakKO 
HeT HeEOOXOMUMOCTH ONUpaTbcaA Ha 9TH paOOTbl, TaK KaK MOMKHO (akTHUeCKU 
IIpH HE€KOTOPbIX V3MeHeHHAX BOCTMOJIb3OBaATbCA HEPeMATHBUCTCKHMH JUCTIep- 
CHOHHBIMM ypaBHeHusamnu (°). B aTHX ypaBHeHHAX CJlefyeT JIMIIb JO mpoBe- 
JieHuA ycpeqHeHHaA MO cKOpocTaM V cjleaTb B CJlaraeMbIX, cCOJlepKallux 
2 
THPOpe3OHaHCHble UJIeHbI, 3aMeHY FHPOWACTOTH! M7, 9 HA OH = an Ae ~ 


2 


V . 
= On, 0 (1 —- - . Torfa Jia Nomepeynoro paciipocTpaHeHua BOJHEI 2 pH 


yenoBuu (1) mer u3 dopmys (5), (10), (14) u mepBoro us cooTrHomennit (15) 
padots (°) MpHxouM K ypaBHeHHio 


co -++co 


5 “aie oa 4 
4 my \"? i ne V2 vl tea 1 
s V 2a Gr ) o\ \ {! a 2uc” F —u(l | 4 32u2c4 Weenies ae 
0 —co 
n’ V8 4 {mo (V2 + V2) 3 ~, 
+t TED fi — 0 = Tet SAR leet eT VVedV dV, =n?—1. (3) 


Ilepexo, K HepeJIATHBHCTCKOMy COOTHOLICHHIO (2) MOXxHO OpMaJIbHO 
OCYIeCTBUTb, HOslarad B 3HaMeHATeIAX BbIPaxKeHHM, CTOAMMX B (3) B KBal- 
paTupix ckoOKax, uto V?/c?=0. Ognako Takoe MpeneOpexkenne aieHamMu 
~ V2/c2 HesaKOHHO B HeMOcpefCTBeHHOM ONHB8OCTH OT YAaCTOT Oy,9, 24,0, 
30H, 9. C 3THM OOCTOATeEbCTBOM VM CBA3aHa HeOOXOMMMOCTb y¥eTa peJATH- 
BHCTCKUX ScdekTOB MpH pellieHHH 3afayH O MeAX. 

PaccmotpuM Teflepb Ha OCHOBe ypaBHeHua (3) NoBeseHue BOTHEI 2 B 0O- 
lacTH OCHOBHOTO TupopesoHaHca, T. e. IpH OO@y,o. Coxpanaa B (3) 
‘mepBble [Ba CaraeMbIxX B (burypHbIX CKOOKaX, MbIl pH HHTerpHpoOBanHu 110 
CKOpOcTAM Tepeiijzjem oT nlepemMeHHEIX V, u Vz, HMeIOMLHX CMBIC KOMMOHEHT 
ckopoctn V B WHAMHApHuecKo cHcTeMe KOOpfuHAaT, K TepeMeHubiM V u 
@ Ve=Vsin®; V.=Vcos6). Wuterpupys no yray 8 4 BEINOMHAA HecOx%K- 
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HbIe Mpeo6pa3soBaHHsA, NOJyYHM 


ee ele {14 i |34 i ! aan 
(Vea eth 5 iach 
— ee VV eh @-V(—2)|, ay 
re z=cV(u—1)m)/2xT, a ana Y (z) umeem W 
-Loo ; BO 
4 =x 
¥ ends (5) i 


Y paBHeHHeM B (bopme (4) yoOOHO NOJb30BaTbCA B CJIyyae, KOrJa 
o<ono (4>1). (6h 


IIpu orpannyennu (6) nomprnTerpasbHoe BbIpamenue B (5) HMeeT OCOOEH- 
HOCTb Ha JlelHcCTBUTeIbHOH ocH. B cuay 3TOrO MHTerpHpoBaHve HyXKHO Tpo- 
BOJMUTh TO KOHTYpy,. Upoxo_amlemMy OT —oco flO + co C O6xXOM0M TOUKH 
x =z. B JaHHOM cJlyuae Mp ycTaHOBeHHH IpaBus OOxOfa MOXKHO HCNOJIb- 
30BaTb OrpaHHyeHue, CorsacHO KOTOPOMY B Tlla3Me C paBHOBeCHbIM MaKCBeJI- 
JIOBCKHM pacripeeseHHeM UCKJIIOU€HA BO38MOXKHOCTh HapacTaHua cwaOblx 
BosMylleHHi. IIpH yuete 3Toro OOCTOATebCTBA MOMKHO MNOJYGNTb, TO 
Y (+z) = R(+z)taie—*, roe R(z) AelictBuTenbHO. Hanwune MHUMOli YacTH | 
~e-* peyeT 3a COOOH BEIBOL O TOABJIGHHH He CBA3AHHOTO C CTOJIKHOBe- 
HHAMH ChelupuyecKoro MOrMOMmeHus. 


sa 


| 


IIpu z= 1, ucnonb3ya pa3siowenne R@~(l + : 4 ate [ ee | +3) | 


HM lipeHeOperad MasbIM MOrsOMleHHeM, IIpHXOAMM K (opmMyze 


oe, =o 

= 5 : 7) | 

2 el stohte fea ay (7) 

Popmysia (7) CcoBMayaeT C HepesIATHBHCTCKHM COOTHOLICHHeEM, KOTOPOe 

culelyeT U3 ypaBHeHnua (2), ecmH B TloceqHeM OTOpOCHTb uJeHbI c 6? u 6%. 

TakHM OOpa30M, peJIATHBUCTCKHe TlompaBKH MaJIO CYDIeCTBeEHHbI pH yCJOBHU 

|1—u|5>?. Panee pu onpeqeteHuu WApHHbI «ule» MbI HCiOub30BaIu 

ypaBHenve (2) u upu | 1—u|<{B?, Ho 9Ta onepaliua, KaK ACHO U3 NoceLyI- | 

ero, Obluia HeSaKOHHOH. 

IIpu z<1, uau, B Apyrou 3anucu, Korfa 

|? -u|\<p? (8) 


cilelHuyecKkoe MOrsoWjeHHe Tak»xe HeBelHKO (cM. HuxKe (10)). IIpu ero 


Zs 
IipeHeOpexKeHHH H HCHONb30BaHHH pa3omKeHua R(z)~z (1 Sawa, 4 3] 
Vw MeeM 
ag — 110) 
toa aera (9) 


IIpu v<l u orpannuennax (6), (8) u3 HepenaATHBHCTCKOrO ypaBHeHHA 
(3) cnenopano, uTO n3<0. STO cooTBeTCTBOBaIO BOSHHKHOBeHHIO eJH. 
Oyuako Ha caMoM Jleyle B TeX %e OrpanMuenuAx, cormacHo (9), n> 0. 
M HuKakoll Mei He NoOABsIAeTCA (3aMeTUM, UTO Nz >0 u B OONacTH | 1—u|>>B?, 
eCJIM He yUHTHIBATb CHeluMpuyeckoro Moromenua). Takum oOpa3om, yTBepx- 
jleHve O TOABICHHH JA BOUHbI 2 Y3KHX B8alpellleHHbIX 30H OKa3bIBaeTCH 
HeEBePHBIM JlaxKe JIM OCHOBHOrO pe3OHaHca, He FOBOpA y2Ke O Oouee BBICO- 
KHX pe3soHaHcax (CM. HHxKe). 

OcHoBHas OCOOeHHOCTh NOBeMeHHA BOH 2 B OOMACTH W~ Oy.) CBA3AHA 
C BBIBOJOM O HaJIMYHH 3aMeTHOrO cHeludpuyeckoro norsomenna. IlocneqHee 
HanOoJlee 3HauuTebHO pu |1—u|~®*. Jlna npHOnmKeHHOro onpesenenua 
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STOrO NOFOWeHuA (C NOrpellHocThio He Gosee 20%) MOX*KHO BOCHIOJIb30BaTECA 
opmysion 
P 2Vnv 
Lye eI pees (10) 


fg 1) AS 


Mpa z<l1_ y/n~2e?<1. Bennunna ornomenna y/n (10) mMakcumManpna 


mpu z=V*/,. B strom cnyuae yo/ng~0,2v. Tak kak pactipocrpaHeHue 
BOJH 2 BO3MOXKHO TOJbKO IpH v<_l, To Bcerfa Yo < My WAM Ware Yo Kno. 
Hecmotpa Ha 9TO, MaKCHMaJIbHbIl€e 3HAYCHHA NOKa3aTeAA MOPMOMeHHA Yo 
OBOJIbHO 3HAU4HTEeJIbHBI. 

IIpu ycnoBuv © > @y,9, OOpaTHoM (6), yqoOHee uMeTb JleNO He C HHTe- 
TpasiaMu Bufla (5), a MNOJyYHTb ypaBHeHHe, cxofHoe c (4), cojep2Kalilee 
MHTerpad BeposTuoctH. IIpu orpanuyenuax 1 —u SB? nan 1—u<f? (8) 
BHOBb IIpHXO2MM K dopmysam (7) u (9). OnHako, B oTmM4He oT cy4asn (6), 
cllelupuyeckoe MOrOMuleHHe 3ecb BOOOIMIe OTCYTCTBYyeT. 

Mcnomp3ya ypaBuenue (3), MOwKHO MpoaHadH3upoBaTb MoBeyeHHe BOJHbI 2 
‘B OONACTAX YWaCTOT W~ 200, 3@y4,9. JH 3THX Ppe30HAHCOB MbI CHOBAa 
IIPHXOJUM K BHIBOLY O GUKTHBHOCTH Wee. Bosee Toro, np pelATHBHCT- 
CKOM Mlofxofle He yaeTCH YCTaHOBHTb CYILeCTBeEHHbIX OCcOGeHHOCcTel. Tak, 
IIpH @ ~ 2@7,9 BO3MOXKHbIe H3MeCHCHHA 3HAYeHHH »MOKa3zaTeA TpesOMseHHA 


An (M10 OTHOWeHHIO K 3HaYeHHIO Ny = V | — v) Takosbl, 4To | Ans/n.|< BK. 
nai cnewupuyeckoro MoriouleHHa pH W304.) WMeeM orpaHnuenue 
Yo/Ne < B®. aa pesonanca pu @ ~ 304,9 cipaBequBEl oueHKH | Ans/ns |< 
HY YXo/Ne< Bt. 

IIpupeyem Tellepb HEKOTOPble BbIBOJbI, KaCalOUlHecA MonepeyHoro paciipo- 
cTpaHenua BomH | u 3. Jina HeOObIKHOBeHHOM BOJIHbI 1 OCHOBHbIM ABJIAeTCH 
pesoHaHe Ipw @= 20, ,, a AA Wla3sMeHHOH BonHEI 3—npH oO~ 30, 9. 
B 9THx pesoHancubix oOmactax |An/n|<1 u x/n<1. pu o~o, , Aas 
BOJIHBI 1 3aMeTHBIX H3MeCHCHHH B XapakTepe pactipocTpaHeHHA He IpOUCXOHT, 
a cileluduyeckoe MorsiolwleHHe HeEBeIHKO, Tak 4TO ¥,/,<R?. AHanornaHoe 
NOMOMeHue JNA YTOM BOJIHbI BOSHHKaeT HU TIPU o = 80, 4 Tana BoJHbI 3 
pacipoctpaHeHve HeBO3MOXKHO B IMPOKOM OOMaCTH 4YaCTOT, KOTOPas BKJIIO- 
yaeT HHTepBal BOMM3SH WO ~@,, , H rpaHwunTc palouoM, rye wo~ 20, , (°): 
B y3KoM J\Mala30He YaCTOT 3aMeTHbI€e OCOOGeHHOCTH BO3SHHKAIOT JIHIIb IpH 
@ ~ 30,, ». Ho ata oco6eHHocTH HHKOMM O0pa30M He COOTBETCTBYIOT aHOMAa- 


JIMAM, paccMaTpHBaembM B (14). [Ina pesoHaHcoB © ~4@,, 0, 5M, 9, - 


BOMPeKH BbIBOJaM ('~*), NpH XOpOlleM BbINOJIHeHHH ycnoBua (1) cyllecTBeH- 
HbIX HeperyJIipHOcTeli B NOBeMeHHM Ta3MeHHbIX BOJIH He BO3HHKaert. Ecre- 
CTBCHHO, YTO O NOABJICHHH UlevleH 3fecb He MpHXOMTCA TOBOPHTD. 


Hay4no-vccleqoBatTesbckuH paquopusnuecku MHCTHTYT Tlocrynuaio 
pu ToppkopcKoM rocyapcTBeHHOM yHMBepcuteTe 8 IX 1960 
um. H. HW. Jlo6asescxoro 


» UATMPOBAHHAS JIMUTEPATYPA 


peemee t ols's, Phys. | Rev., 82; 232 (1951). 2 A. T"Gurenno, K.HiCre- 
Nauos, PKOT®, 31, 642 (1956). ®K. H. Crenauos, B.C. Tkaauyu, KT, 28, 
1789 (1958). 4J. Bernstein, Phys. Rev., 109, 10 (1958). ° B. H. lepumaun, 
MKOT®, 24, 659 (1953). °© B. A. Tpy6uuKos, On3nka Waa3Mbl HM MpoOseMbl yupaB.t. 
TepMosepH. peakuni, 3, Way. AH CCCP, 1958, crp. 104. * B. H. Tepmman, Usa. 
Bricit. yue6u. sapegz., Paguodusuka, 3, 534 (1960). § 5B. H. Tepmman, KOTO, 38, 
912 (1960). 
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Horaage Akagqemun nayr CCCP 
1961. Tom 137, Ni 4 


PH3SHKA 


A. K. JIABPYXHHA, 9. E. PAKOBCKHM, CY XYH-rYHM u C. XOMHALKUA 
AEJIEHHE AEP CYPbMbI BbICTPbIMH MPOTOHAMH 
(IIpedcmaeaeno axademukom A. II. Buxoepadoseim 10 X 1960) 


K HacTOAIeMy BpeMeHM IlOJly4eHbl! MHOrMe XapaKTepHCTHKM Mpouecca Je-| 
JICHHA Aep 3JIEMeHTOB KOHIa WepHosMyecKol cucTempl. CBenenuli o JeieHuu 
JOCTATOUHO JI€PKUX IJICMCHTOB 3HaYHTeJIbHO MeHbIe. BpIVIM BBIeJICHbI JIMLIb OT-| 
J@JIbHbIe OCKOJIKM J[eJIGHHA HEKOTOPbIX 3JIEMeHTOB CpeHero aTOMHOrO Beca (1-).| 
Pa6ora (4) mo JeueHuio cepeOpa HE MOKeT LeNHKOM BOCHOJIHUTb CYIILeCTBYIO- 

IMM Mpode, Tak Kak BCJIeACTBHE He- 


fl aa JIOCTATOUHOCTH CTaTHCTH4eCKOrO Ma- 
=~ 0 TepHala NOJYUeHHbIe JaHHble He T03- 


ef 
. Rae ‘ ps BOJIAIOT CeaTb OHO3HAYHBIX BBIBO-| 
107 - eB, K Ca SCT V Crp Mn Fe aan moe: 
J{1A MOJyYYeHHA OCHOBHEIX Xapak-} 
30 TepHCTHK Mpomecca feneHua sApep| 
510 : CpefHero aTOMHOrO Beca HAMM UccuIe- 
JOBasIOCb JemeHue cypbMbI (Z = 51), 
ObICTpLIMH MpoTOHamH. Oco6oe BHH- 
MaHuHe HM OOpallieHo Ha 4HCTOTY OOY- 
yaeMoro MaTepHaJla B CBA3H C TeM, 
19 ok YTO OCKOJIKH JeIeHHA TakKMX sep 
o6pasyloTca c ropa3jo Oouee HH3KH- 
[ee Py Wey (10-3°—10- 2° cm?), em 


40 50 A— 60 TpOAyKTb! ux paciuyensenusa. [losto- 

° MY IIpHMeCH onpefeIseMbIX SJIEMeH- 

Pc Konus pacnpexeneni Su0208, O¢" Top. wemecTae wun Gomee eM 

660 Msp nO MaccOBLIM 4MCaM (myHKTHpHad 10-°% MoryT IIpuBecTH K cepbesHo 

KpHBasd — paciipeyeyieHHe CyMMapHbIx BbIxo- MY HCKayKCHHIO KapTHHbI Mpollecca. 

qos m0 A) CnekTpaJIbHbI aHaww3 CMTKa Me-f 

TaJIJIMYeCKOH CYPbMbI, MHOFOKpaTH 

OUMIMeCHHOrO 30HHOM MaBKOM, NOKa3aJI OTCYTCTBHe KaKHX Obl TO HM OBIIO M0- 

CTOPOHHUX CNEKTPaJIbDHBIX JIMHHH. OOpasell CYypbMbI, KpoOMe Toro, Obl Ipo- 

aHaJIM3HpOBaH Ooslee YYBCTBUTEIbHBIM METOJOM HEHTPOHHOM akTuBallMn. Pesysb- 

TaTbl AKTHBaUHOHHOTO aHasiu3a CBUJETEIbCTBYIOT OO OTCYTCTBHU B CypbMe IIpH- 
mecefi Mn, Cu, Zn, As, P, Cr u Ga B Konuuectsax 10-*—10-7%. 

V3 mumenu nmocse o6yueHua mpoToHamu 9Hepruu 660 Msp Ha CHHXpOLMK- 
JOoTpoHe OGbeHHeEHHOTO HCTHTYTa SAJepHbIX UCCJe,OBaHHH XHMHYeCKHM 
MeTOJIOM BBIJe@IAIHCb MpOyKTH OomMOaplupoBKu B uHTepBane Z = 11~37. 
Mcnoub3yemble MeTOIbI ObIIH BECbMa TPYOeMKH B CBA3H C TEM, UTO MHOTHE IIpo- 
JLYKTbI [eJIeHUA CYPbMbI HMEIOT XMMHYCCKHX AHAJIOFOB Cpe MpOAyKTOB ee pac- 
LWeMJIeHH A, | 

Pacuet ceyeHult OOpa30BaHHA VJeHTHULMpOBAHHEIX PaHOM3OTONOB IIpo- 
BOJHJICH OObIUHbIM cmocoGom (°). CBeqeHua 06 MeHTHPHIMpOBaHHBIX MpoOkyk- 
Tax Je@JleHHA TpHBeLeHb! B TaOs. 1. CpeqHue KBaspaTHUHble OWMOKM BeJIMUMH 
CeueHHA HX OOpas0BaHHA BLISHCIATHCb U3 pacnpeyemenua CTioqeHnTa. 

Jina ycTaHoBsJeHuA BbIXOAOB HeMJeCHTH*UIMPOBAHHbIX OCKOJIKOB JeJIeHHAL 
IIPHMeHSVJICA METO MHTepnosAMu 10 KapTe B KoopyuHatax A, Z (°). Ilo sxcne- 
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Ta6aunal 


Borxogbl HACHTHPUUMPOBAHHBIX MpOAYKTOB eseHuA CypPbMbI MpoToHamu sHeprun 660 Mop 


s Maccospoe co} ’ 
ie ee Tun pacnaya T1/,, 9KCM. T1/,, TAO. (Gao cas 
169 38 oie ~3 ac. 2,9 ac. 0,7+40,4 
17Cl 38 B- ~34 MHH. 37,3 MHH. 5 TesaG 

39 oy 58 muH,. 55,5 MMH. 4, 222054 
igKk 43 Bo ~1 jeHb DOM BKC: 8,0+4,7 
99Ca 47 om ~6 aH. ~) IH. 302-243 
goTi 45 B*, 9NeKTPOH. 3axBaT By GAC. 3,1 uaca 0,8+4,0 
23V 48 B+, S@KTPOH. 3axBaT 16,7 au. 16,0 au. 6 ,842,4 
oaCr 48 QMeKTPOH. 3axBaT PR yay wee 23 uac. A QztlinS 
os5Mn 56 Om Del WE, 2,6 uac. Sroseaeh 
ogFe 09 os ~46 JH. 40,1 JH. 8,043 ,6 
27Co 58." Visomepu. nepexox 9,8 uac. 9 uac. 3,1+0,9 

64 7 ~120: Mun. 99—110 mux. leet O)Ats) 
agNi 65 oe Poll Ete. 2,6 uac. Hs biacil 5) 

66 Bo ~60 ac. | oOo gac. Dees (pal 


PHMCHTAJIbHbIM MH HHTeEPMOJIMpOBaHHbIM JaHHbIM OplIH MOCTPOeHb!l KPHBbIe pac- 
TIpeeeHHA BLIXOJOB OcKOKOB n0 A u Z. Ha puc. | moKa3saHbl KPUMBbIe paciipe- 
qeneHusa 10 A; OHH MMeIOT Ky- 
nowooOpasHbllt BU, Kak M pH 
TeeHHH TAKeTLIX aAgep U, Th 
u Bi (°,°). Ormmune 3aKmrogaerT- 
CA BTOM, 4TO B cyuae TAKe- 
JIBIX Aep OOpasy!oTcsA B OCHOB- 
HOM M30TOIIbI C H3ObITKOM HeHT- 
pOHOB, Tora Kak NIpH Jenenuu ' 
Sb mpoucxozuT o6pa3soBaHue 
OCKOJIKOB B BeCbMa LIMpOKOM 
MHTepBase OTHOMeHHH n/p: oT -29 
U3OTONOB C H€MOCTaTKOM HEliT- 
POHOB JO M30TONOB CO CpaBHH- 
TeJIbHO OOJbIIHMM UX U36BIT- 
KOM. Ilostomy NomymuMpHHE  ¢q% 
Kyl01000pa3HbIX KPHBbIX pac- 
mpeqeseHua B cyuae Sb 3nHa- 
YMTeJIbHO IWMpe (7—8 eHHUI 
Maccbl), uem gua U, Th u Bi 
(4—5 equnun). Takue oco6eH- 
HOCTH Tipolecca JeeHua Cypb- 
MbI 110 CPaBHEHHIO C TAXKEJIbIMU 
AQpaMM TpWBOAAT K 3HauH- 
Te€JIbHOMY H3MCHCHHIO M30TON- 
HOO COCTaBa OCKOJIKOB ee Jle- 
JIGCHHA,  3aKsIOUaIONIeMyCA B 
OOJIbIIOM YBeM4eHHH OTHOCH- 
TeJIbHOPO BKJI1aja HEHTpOHHO-Je- 18 
(PHUMTHEIX Afep (cm. Ta6z. 2). 
CpeyeHua O pacipeleieHun 
AepHoro gapsja pu Lenenuu 
ObICTpbIMH UacCTHILaMH BeCbMa 
‘ckymupt (°,”). Tak kak 60mb- : 
| IWIHHCTBO HCHTHPUUMPOBaHHBIX HaMH Aflep ABJIACTCA 3all\MMLeHHbIMH M300apamn, 
_ TO OKa3aJIOCb BO3MOXKHBIM YCTAHOBMTb XapakTep paciipeseseHHA AepHoro 3a- 
| pxajla pu Jenennu cypbmpl. Kak cmeqyeT u3 puc. 2, KpHBble paciipeleseHus 
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cM? 
Gnas 


27 


ANN aac 1A 
Puc. 2. Pacnpemestenve BEIXOLOB 306ap,o0pasyto- 
IWHXCH MIpH JeseHHH CYPbMbI MpOTOHaMH 9HeprHu 
660 MsB nO NOpsZKOBLIM HOMepaM, (BepXHAA: KpH- 
Basi — pacnpefleleHie CYMMAapHBIX BbIXOLOB j 10 Z) 

me 


TadOauna 2 


Hexotopbie XapakTepHcTHKM Mpowecca JeeHHA sep MpOTOHaMH BbICOKOM SHepruH 


OTH. BKsaq{OB 
Roe HeHTPOHHO- INGA = Foy 
ATH bIX y al ee a 
rete. ap ee E at LOGE u Bee! eet? om Neen et AE Ips ae 
Apo reoM Beat irik Aer S=Omax/2 MpOTOHOB | HelHTpOHOB 
H30TONOB 

9U | 480} 1650 | 0,73 11:21:58 0,32 19 —= 19 21) 

s3sBi | 480) 100 | 4,8-10-?| 12:28:60 0,45 13 = 15 (3) 

é7Ho | 450 214,1-10-8 = 0,74 10 4 18 (8) 

sisb | 660} 0,25 | 1,7-10-4| 20:35:45 0,73 9 7 16 Tan. 
aBTO- 
poB 


BHIXOAOB JIA pasJIMYHbIX H306ap HMeIOT KyNOMOOOPasHbIi BUA; UX MOMYWIMpHHa 
cocTaBuIneT 3—4 e(HHHIIbI 3apaya. CrekyeT OTMETHTb, 4TO aHAaJIOTHUHbIe KPHBbIe 
pacnpeyqeieHua 3apaqa upu qenenuu U, Th u Bi (°) umeroT Meubulyio NOwyuM- 
puny (2—3 eqHHMULI 3apsya). 

Jina pcex A OCKOJKOB Je- 
JICHHA ObIJIM HAaWJeHbI 3HaYeHHA 
HaHOoulee BEPOATHBIX 3apAJOB. 
Bplio  ycCTaHOBJIeHO, 4TO KpH- 
Bad, COCXHHAIONLAaA BeJIM4YHHbI 
HavOOIee BEPOATHBIX 3apAOB, 
pacnoslaraeTca BOJIH3H JIMHHH 
ajepHoli ctTaOusbuoctu. na 
Bcex H300ap HalieHo, 4TO pac- 
mpeqesenHe 3apxAja MOCTOAHHO. 

PaccmoTpeHve KpHBOH pac- 
TIpeyeseHHA CYMMapUbIX BBI- 
XOJOB OCKOJIKOB JleIeHHA 
Sb no Z (pepxHasd kKpHBaa 
pic. 2), uMmeromei Kynmos000- 
Pa3sHbI BHI, CBUJETeIbCTBYyeT 
20 JO 40 50 60 O 3HAYHTeJIbHOM BKJalle CHM- 
MeTPHUHBIX MeseHhH. ITO Ha- 
Puc. 3. Pacmpeyenenve CyMMapHBIX BBIXOLOB OCKOI- xonyTea B COriacCHH Cc JaH- 
KOB JeseHHa U, Bi, Ho u Sb nporonamu BpicoKoli 4 

aHeprun HbIMH(") 0 Remenuio Ag. Bray 
CHMMeTPHUHBIX feneHHH U 
OJIM3KHX K HMM, Kora (Zeum— Z) < 3, cocTaBneT ~73%. Ec mpopectu mo 
JaHHBIM (8) HHTepMONAMHIO ONMCAHHbIM BbIIMe CMOCOOOM, TO aHaJIOrMUHBbIe pesyJIb- 
TaTHI NoyyaroTca u Aa Ho. M3 annpix TaOa.2, a Take puc. 3 cmelyer, uTO 
C yMeHbuIeHHeM Z Sf[pa-MHINeHH MpOWCXOJUT 3aKOHOMepHOe YMeHbILeHHe 
TOJLYWIMpHH KPHBbIX pacipesesieHHA CYMMAPHBIX BbIXOJIOB OCKOJKOB m0 Z 
MU, CJI€QOBAaTeJIbHO, YMCHbIUaeTCA OTHOCHTeJIbHbIM BKJIa aCHMMeTPHUHBIX Jlese- 
Huu. [lo-BuyquMomy, AIA Ayep cpeqHero aTOMHOTO BeCca ACHMMETPHA eIeHHA He 
urpaeT TaKOM pOJIH, KOTOPad MOrvia Obl ObITb ei IpHMMCaHa U3 TeOpeTHYeCKHX 
coo6paxkenuit (°). 

IIpu yMeHbUIeHHU SHEPrHH MaaroulNx MpoToHoB jo 220 Msp nouTu B 10 pas 
VMCHbINaIOTCA BbIXOJbI IPOAYKTOB ACCHMMETPHYHOFO JleIeHHA CYPbMbl, TAaKUX 
Kak C188, Cl8°, Mn5®, Co®, uw mpaKTuyecKu ocTaeTca NOCTOAHHBIM BbIxon V4%, 
ABJIAIOULErOCH IIPOLYKTOM CHMMeTPHUHOTO MeeHuA. ITO corsmacyeTcA c paHee 
MOJIYYCHHBIMH JaHHbIMH ('°-12) o pocTe BepOATHOCTH aCHMMETPHYHOrO eeHHA 
C yYBeJIMYeHHeM SHEprHn OomMOapAMpyIoulAXx YacTHL. 

Ha puc. 3 cTperKaMM nOoKa3aHbl 3HayeHHA Z OCKONKOB, COOTBETCTBYIOULHe 
7eJeHHIO Ha [Be paBHble wacTH Apac Z = Zycx + |. COBMT MaKCHMyMa KDpH- 
BEIX pacmpezenenua a Ho u Sb B ctopony Z, menpmux Z = 1/(Zucx+1), 
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CBHeTeAbCTBYeT O BbWIeTe 3HAYUHTeJIbHOrO YHCa 3aPAXKCHHbIX UACTHIL MpH 
WeueHHH Aep 9THX 9IeMeHTOB. PacueT moKa3a, 4TO emeHHe Sb co- 
TIPOBORaeTCA BLIICTOM B CpeHeM 7 IpOTOHOB; COOTBeTCTBYIOIIee 3HAYeHHe LIA 
Ho pasusetcsa 4(°). Uncaa 3apsxKeHHBIX YACTHIL M,,p, BbIIeTAIONIMX Ip eeHHu 
Bi u U nmpotonamu sHepruu 660 Map, paBup 1,77 uv 1,16 (1%). Cneqosatenbuo, 
TiIpH yMeHbuUIeHHH Z Ajpa-MHINeCHH MpOHNCXOAHT yBesM4eHHe YMCA BbIVIeTAIONINX 
TIpH JeJeHHH 3apsDKeHHBIX UACTHIL. ITO CBHJleTebCTBYeT O BeECbMa BbICOKHX 
3HAYeHHAX SHEP BOZOyKTeCHHA Aep cpesHero aTOMHOTO BeCca, ipeTepmeBaio- 
IHX JleneHve. Uuc0 HeHTPOHOB, BbIIeTAIOWINX Mp [eeHHU, KaK 3TO BUAHO H3 
Ta6. 2, IpakTHuecKH He 3aBucHT OT Z OoMOapmNpyemoro JIeMeHTA. 

Kak csieqyeT 43 puc. 3 (a TaKxKe TaO. 2), c poctom Z sfpa-MulleHH Mmpouc- 
XOJMT 3HAYHTeJIbHOe yBeJIM4eHHe CeyeHHA JeseHHaA. IlomHoe ceyeHve jeJIeHHA 
Sb npotonamu 9Hepruu 660 Msp paBHaetca 0,25 MO, 4TO CocTaBAeT JIMUIb 
1,7-10-* or reometTpuyeckoro. OTa BeJIMYNHa CpaBHHMa CO 3Ha4eHHeM, MOJy4eH- 
HBIM Jd Jemenusa Ag (*) (0,32 m6) mpoToHaMu Tol 2Ke 9Heprun. 

ABTOpbl BbIpakaloT OvlarogapHoctb B. H. Mexegosy, JI. JI. Pepunot u 
JI. I]. MockaseBol 3a WeHHble COBeTHI HM MOMOLL[b B BHINOJIHEHHH JaHHoli padorni. 


VMuctuTyT reOXHMHH HU aHaJIHTHYeCKOH XHMHH Tloctynuo 
um. B. HM. BepnagcKoro 23 IX 1960 
AxkayemHuH Hayk CCCP 
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Jloxxagm Akagemun nayx CCCP 
1961. Tom 137, Ne 4 


PHSHKA 


JI. B. JIAHWIHHA u M. HW. WAXMAPOHOB 


TOHKAA CIPYKTYPA PEJIEEBCKOM JIMHHM PACCEAHHS CBETA 
UM CKOPOCTb PACMPOCTPAHEHHA FHMEPAKYCTHYECKHX 
KOJIEBAHHM B BOE 


(ITpedcmaéeaeno axademuxom B. B. llyaetixunom 26 X 1960) 


MccnelopaHua TOHKOM CTpyKTypbl swHHuu Penea B Boe paHee ObIJIM BBI- 
nlowHeHb! BenkaTecBapaHom (1) H Pankom, Maxxkoprtueem nu Sate (7). U3mepaa 
cmMeujeHHe Av (cm ') komnoHenT Manjesbuitama — BpnamosHa (M.—B.) no 
OTHOINeHHIO K WeHTpy peseeBCKOrTO TpuIieTa HW NOUb3yacb opmyson 
AY = On : sin : , BeHKaTecBapaH Halle, YTO CKOpOCcTb pacipoctpaHeHua 
THMep3ByKOBbIX KOJeOaHHi v B Bose Mpu 30° paBHa 1509+ 25 m/cek, T. e. 
COBMalaeT CO CKOPOCTbIO PpaclipOcTpaHeHHA YJIbTpasByKa Vo. Jia OTHOIMeHUA 
HHT€HCHBHOCTH eHTpawbHOM KOMIMOHCHTbI K WHTCHCHBHOCTAM KOMIIOHEHT 
M.— 5. Benxatecpapan nonyuun J, /2lm.—p. = 0,36. Pank uw coTp. orpaHu- 
YHIHCb H3MepeHHAMU TOMAPH3allMH KOMIMOHEHT TpHiieTa MH oOnpemeneHuem 
BeHUMHbI OTHOMeHHA Jy /2Jm.—s.; OHH NowyunH Jy /2lm._p, = 0,14. Co- 
rmacHo Jlanmay u IInauexy, /,/2I/m.—s. = (Cp —Cv)/Co, DAA BOABI pacueT 10 
SsTOH PopMysie mpHBoLHT K 3HaueHHIO J, /2/y.—p5. = 0,0068. 

M3mepenua BenkatecBapaHa uw Panka, MakkopTHes 4 Salta HMeuIM pA, Me- 
TOMM4YeCKHX HefoueToB. KpuTuyeckul aHaH3 MeTOAMYeCKOH CTOPOHbI STUX pa- 
60T mpHBeeH B OO30pHoH cTaTbe VM. JI. Pabenuuckoro (*). Jo6asum, uTo mpH 
U3MepeHHAX TOHKOH CTPYKTYPbI pedeeBCKOH JIMHHH BOJbI HW psa Apyrux xKHIKO- 
cTeH, Kak CuleqyeT H3 TeKcTa pa6orpi (*), TemlepaTypa MoepxKuBalacb Cc TOU- 
HOCTbIO --5°. Takue KoJleOaHHA pe3KO CHMKAaIOT pa3spelllalollylo CHJTy MHTep- 
cbepometpa PaOpu — Ilepo, npHBosA K yIWHpeHHIO JIMHHM Ha BeJIMUMHY, paB- 
Hyt!0 */, NopayKa HHTepepeHUMA IPH paccTOAHHM MexKAy MWiacTHHKaMu HHTep- 
(bepomeTpa, paBHom 5 mM. Buyumo, no 3THM NpHynHam BenkaTecBapaH He 3a- 
MeTHJI TOJIOKUTeIbHOH WucnepcHuu Av~150 m/cek B OeH30Ne un Av=> 
= 120 m/cex B YeTHIPeXXJIOPHCTOM yruiepose, OOHapyxeHHoOH HM. JI. Da6enunckum 
M MOATBepKACHHOH IA OeH30JIa HalHMH H3MepeHHsAMH. 

B Bode HM BOAHBIX paCTBOpaX MeTHJIOBOFO CHUpTa H alleTOHA, CoracHo MoJy- 
YeHHbDIM HAMM paHee JaHHbIM (°), OOHAPyKUBaacb OTPHMaTebHaA Wucnep- 
CHA rulepakyCTH¥eckHX KOeOaHHH MopsAyKa 2—5%. Tak kaK BemMuMHa JUC- 
MepCHM Oplia OM3Ka K CpeqHelt KBapaTHYHOH OWIMOKe ONbITa, TO MpecTaB- 
JIANOCh WeecooOpasHbIM MOMOJIHUTeEIbHO HCCJIeOBaTb TOHKYIO CTPyKTypy pe- 
Jleepckol wunun (A 4358A), paccesHHoli BOAO Mpu pasMUHbIX TemmepaTypax. 
Tlocule HekoTOpol MoJepHU3allH 9KCHepHMeHTAIbHOH YCTaHOBKH (MbI MOCTaBM- 
JIM UHTepPepometp Padpu — Ilepo mocwle cnekTporpada, HakJevIM Ha NpusMy 
Bosacrona cnelHasbHy!O KJIMHOOOpasHyl0 MaCTHHKY JIA BLIPABHHBaHHA yc- 
JIOBHH paclpocTpaHeHuA X- HW f-KOMMOHEHT Hi T. Il.) OKA3a/IOCb BO3MOXKHEIM YJIy4- 
INHTb Ka4YeCTBO CHHMKOB H TeM CaMbIM MOBbICHTb TOUHOCTh H3MepeHuit. 

YCJOBUA ONbITa H MeTOAMKAa paciud@poBKu *oTOCHUMKOB ObIIM Te 2e, 4TO 
B (*,°). Kpome Toro, Bce (POTOCHUMKH paciuIMpoBEiBasucb HAMM MeTOJOM OLHO- 
CTOPOHHHX Movioc (°). PaccTosuHe MexAy MiacTHHKaMu uHTepdepometpa Pab- 
pu — Ilepo cocrapasuo 5 MM. 
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K cmamee A. B. Jlaxwunoti u M. H. IHlaxnapoxoea, cmp. 880 


Re ee 


Puc. 1. MntepdepenuHouHle NOpAAKH z-KOMnO- 
HEHTHI PeJIeeBCKOH JIHHHH (A 4358 A), paccesH- 
HOH BogfoH mpH 4° 


K cmamoe H. B. Boaxoea, B. ®. Ecunoea u II, B. Ilezaosa, cmp. 840 


Puc. 1, SmeKkTpoHHo-TeeckomHyec- Puc. 2. CayMoK TyMaHHOcTH NGC 7000 
KH CHHMOK TyMaHHocTH NGC 7000  c skcmo3nuveli 60 MHH., NOMyYeHHBIH Ha 
¢ akcnosHuHelH | MHH. dotoasmyibcenH Kodak 103 aE 


Kemamee H. A. Toponosa, A. H. Botixosa, A. ®. Heeunowou C., Ke Anunumuc, cmp. 882 


Puc, 2. Pentrenorpamma TBepgoro pactsopa c:7,5% 3SrO -SiOe, nonyyeHHasd no acHMMeTpHu- 
HOMY MeTOLY 


JLAH, T. 137, Ne 4 


a? 


Cmeutenue Av kommonentb! M.—!B. peseescKoli AMHUM, paccexHHOit Bosoli, 
MOXET OBITh OMpezeseHoO Coulee TOUHO, YeM JI MHOTUX Jpyrux %*HKocTeli, TaK 
KaK AaHM3OTpOlHoe pacceAHMe HM paccesune na M300apwuecKux dbyKTyauusax 
IJIOTHOCTH B Boe OYeHb Maio. Komnonentt M.— B. Beseqcrgue ca6ocTH WeH- 
PpaJIbHOM KOMIOHEHTI XOPOWIO paspemarorcs. 

Ha puc. 1 mpHpeyen oAuH (vanmunEii) 43 noyueHHbIx HaMH PoTOCHUMKOB 
TOHKOM CTPYKTYypbI pevleeBCKOH JIMHUM B Boge mpu 4°. Ha puc. 2 us06paxena 


O5cm~! 0 Q5cm? 
Puc. 2. Muxpotbororpamma ofHoro Puc. 3. PacnpefeseHHe WHTeHCHBHOCTH 8B 
H3 HHTepPepeHUHOHHEIX MOPATKOB TpHmviete JHHHH} Peles, paccextHHOH BOON 
Z-KOMMOHEHTHI PeJIeeBCKOM JIMHHH mp 4° 
(A 4358 A), paccesHHoit Bogoit " 
npu 4° 5 


MUKpooTorpaMMa OJHOrO 3 NOpAAKOB.HHTepepeHUMH, CHATAA IPH MOMOULM 
Mukpodotometpa M®-4. Ha puc. 3 mpesctaBJieHo pacipelesieHie HHTCHCHBHO- 
cTeH MOCJIe COOTBETCTBYIOINeH OOpasoTKH KpHBOM NovepHeHHH. 


ar Omura 4! 


HsmepeHua ckopocTH pacipocTtpaHeHua runepakycTHuyeckux KOueOaHHli B Boe. pu 4°. 


JiavHa BOTHEI BOs6yxKatomlero cBeTa A 4358 ISG CkopocTb yJIbTpasByKa Up—=.1437 m/cek. 
Iloka3aTetb Tipenomienua n = 1,3420 


Ne cHuMKa Av, cm-1 v, M/ceK Ty /2IM,—5. RES = ye ae MM ae. 
4 0,208 1432 0,065 4,2+2,0 +2,0 0,0 
2 0,210 1447 0,045 4,642,0 0,0 0,0 
3 0,210 1447 0,065 4,6+2,0 +2,0 0,0 
4 0,209 1440 0,054 4 4s-1 ,0 seul oW Woe 
by) 0,242 1460 0,029 3,041 ,0 -+1,0 ==i/ , (0 

SpenH. 0,210 144548 0,054+0,04 4,1 = == 


_ Taon. 1 coxepxxun pesyibTaTE paciiMdpoBKu doTOCHUMKOB peJleeBCKOro 
[pMllieTa, paccesxHHOro BofoH npu 4°. B nocseqHeli rpade TaOJIMIbI yKa3aHbl 
AHTepBasbl KOMeOaHHH aTMOCepHoro JaBseHua AP 3a BpeMA SKCIOSHIMH, KO- 
fopad B STUX OMbITAaX Oba paBua 6 yac. 
B Ta61. 2 IpuBefeHbl 3HaveHHA V, Vo H Jy / 2]m.—s. pu 4; 15; 25; 40 u 50°. 
Hauia OMbITbI! NWOKa3biBaloT, TO B TMpefesaxX TOWUHOCTH 9KCIepHMeHta 
MMCHepCHA CKOpOCTH fruiepakycTuuecKHxX KkOsIeOaHHH (AIMHA BOJHBI 
N= 2,3-10-° cm, uactora f =0,6- 101° rm) B Boge, NO-BHARNMOMy, oTcyT- 
STBYyeT. 
 Tlonyusenupie Hamu 3HayeHHA oTHOWeHHA 1, /2/m.—p, OM%Ke K TeopeTH- 
1CKUM, JEM 3HAYeCHHA, MpHBeseHHbIe B paOotax (1,”). TemmepatypHaa 3aBu- 
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Pao wiga 2 


PKUAKOCTb toc Uo v Ty WAN Ses 
H,0 4 1437 {445 +8 0,0510,04 
15 1474 1450+£20 0,076:£0,02 
25 1497 1470 +37 0,0580,01 
40 * 1915 1530 — 
50 1522 154320 0,05840 , 02 
CH30H — H20 25 1575 1575+30 0,43+0,1 


* OUH CHHMOK. 


cumoctb J, /2/m,—5. He OOHapy2xxHBaeTcx. Hadmojaemble MHTeHCHBHOCTH 
ILGHTPaJIbHOH KOMMOHEHTHI Jy, MO-BHHMOMY, B OCHOBHOM OOyCJIOBJIeHHI .He- | 
OOJIbIUHM Tapa3HTHbIM pacCetHHeM CBeTAa OT CTe€HOK KIOBETbI, MOJHOCTbIO 
HCKJIOYUHTh KOTOPOe He yflaeTca. 

B cBA3H Cc pesyJibTaTaMH H3MepeHHH CKOpOCcTH runep3sByka UV B BOse HaMH | 
MOBTOPHO ObIJIH BbITIOJIHeCHbI H3MepeHHA VU B pacTBopaXx, cosepxKaulHx 15 Mom. % 
CH,OH B poze. Ta6n. 2 cofepxuT pe3ysIbTaTbI H STHX H3MepeHHi. 

B mpefeitax JocTynHoH B laHHOe BpeMA TOUHOCTH H3MepeHHH, MO-BuAH- 
MOMY, MO2KHO CUHTATb, 4TO MMCHepCHA CKOpocTH paclipocTpanenua runep- 
3BYKOBBIX BOJIH B BOJHbIX pacTBopax MeTHJIOBOTO ciupta He OOHapyKuBaeTca. 


MockosckHit rocyjapcTBeHHbIli yHuBepcHrer Tloctynusio 
um. M. B. Jlomonocosa 24 X 1960 
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Jloxnagn AkawemMun nayx CCCP 
1961. Tom 137, N: 4 


PH3HKA 


A. WH. OCHNOB 


O HAPYUWIEHHW BOJIBUMAHOBCKOrLO PACTIPENEJIEHUSA 
B MIPOWECCE TEPMHYECKON JMCCOWMALMH MOJIEKY JI 


(ITpedcmaeaeno akademuxom B. H. Koxdpamoeeuim 7 XII 1960) 


I]pouecc TepMu4ecKOH JHCCOMMALMH MOJIeKYJ MpHBOMMT, KaK TlOKa3aHO B 
), K 3aMeETHOMY HapyllleHuio OOJIbIIMaHOBCKOTO pacmpesesieHHA Ha BepXHHX 
Wie6aTeIbHBIX YypOBHAX. IIpwunHa 3aK1OuaeTCH B TOM, 4TO TepMHueCcKaA 
ICCOMMAUMA MpOHCXOANT B pe3yJIbTaTe TlepexoOa MOWIeKyJI C BepXHHX KOVIe- 
ITEJIbHBIX YPOBHEH B HeMPePbIBHbI CneKTp, MpH STOM CKOpOCTb Mepexoya 
WIEKYJIbI B HEMPepHIBHBIi CneKTp Oovbiiie CKOpOcTH BOSOy2KeHUA MOsIeKYs Ha 
pxHHe yposun. B (1) paccmaTpuBasacb cucTeMa, COCTOAMIaA 43 OJHOATOMHOTO 
3a C HEOOJIbINOH MpHMecbIO AMCCOMMMpYIOUL4X AByXaTOMHbIX MOseKyul. IIpak- 
[yeCKHH MHTepec MpescTaBaeT TakxKe pacripeseseHve KOeOaTebHOH 9Hep- 
[M B H30JIMpOBaHHOH CHCTeMe JMCCOIMMpYyIOuRMX JByXaTOMHbIX MoseKkys. [Ipu 
cueTax (byHKWHH pacnpeleseHuA KOJeOaTeIbHOM SHEPrHH B 3STOM CJIy4ae 
OOXOJMMO, HapsAy c MepexoOJOM NOcTyNaTebHOH SHEP B KOeOaTeJIbHY10 
VM CTOJIKHOBEHUM MOJIEKYJI, YAUTHIBATh TAKE MH MPOMeCchI MepesayH TOTOBBIX 
eOaTeIbHBIX KBAHTOB. BpiicHeHvIo pO MOCJeLHUX MmpoweccoB np dopMu- 
JBAHHUM KBa3HCTAllMOHAPHOTO pacnpeseeHHuA KOJeOaTeIbHOM JHeEPrHH B IIpo- 
scce JMCCOMUMAMH HW MOCBAMIeHa HacTOAMaAd padora, 

BuauaHve mpoleccoB mepeqauH KOJleOaTesIbHEIX KBaHTOB Ha pacipesesenue 
eOaTebHOK SHEP MOVIeKy/ Jyue BCerO NpOCcMeAUTb Ha MOeNH OOpe- 
IHHOTO TapMOHMYeCKOrO OCIHIIATOpa. Ota MOJeb HeEOJHOKpaTHO NpuMe- 
AaCb IPH pacueTax CKOPOCTH AMCCOMMALMH MOJIEKY.JI, COCTABJIAIOULUX HeOOJIb- 
yio IIpWMecb B OJHOATOMHOM ra3e (?~*). 


TIpouece juccouMalluH B H30JIMPOBAHHOH CHCTeMe TaKHX OCUMJATOPOB 
THChIBAeCTCH ypaBHeHHAMU 
dx. 
Fp = ZP ro {(t + 1) npr —U(m + Me ] Xn Fen a} 
+ ZQi0 {(n + 1) (1 + 6) Xn —[(n + lat n(l + a) Xp + nexny}, (1) 
Ot Le De ene: 


dx 
. 7m = 2 P14 {hp Xny—1 — MNoXn,t 4 ZQi0 {o%Xn.—1 — No (1 + a) Xngh — LP a Xngs 


fe x, (t)—4CHO OCIMINATOpOB Ha N-M KoseOaTebHOM ypoBHe, Z— 4ncw10 
TOJIKHOBEHHM OCIMIIATOpa B ceKyHLy; Py) — BepOATHOCTb Mepexofa OcIHJI- 
aTopa U3 Tepporo Bos6y2xKeHHOTO COCTOAHHe’ B OCHOBHOe; Qo — Be- 
OATHOCTh Tepesauw KoOseGaTeNbHOrTO KBaHTa IIpH CTOJKHOBeHHU OCIHI- 
ATOPOB B IepBOM BO3sOyxKJeHHOM H OCHOBHOM cOcTOAHUAX; P,, — BeposT- 


Ny 


4 F 4 
OCTb MepeXoOa MOJIeKYJbI B HEMPePbIBHIM CHeKTP SHEPH; & = >- pe fhe, ¢L); 
n=0 


: 
J (¢) — nlomHoe YHCNO OCLMAAATOPOB. | 

CucTtema ypaBHenuii (1) aHamormuHa CucTeMe ypaBHeHHH, OMMCbIBAaIOINMx 
; Fs Ps z 
porecc KOMeOaTeEMbHOM peaKcalH B U3OMPpOBaHHOUM CHCTeMe rapMOHMYeCKUX 


B JIAH, vr. 187, Ne 4 83 


OCUMJJIATOPOB, H OTM4YaeTCA OT TOCeqHeH KOHCUHBIM YMCOM ypaBHeHHii 
MOCJIEIHUM ypaBHeHHeM, OMHMCbIBaIOWMM Mpolecc Mepexofa MOJIeKyI B AUCcOy 
ILMMpOBaHHOoe cocTosHve. Tak Ke Kak B (1,°), CuHTaeM, TO JMCCONMalMA Move: 
KYJI IIPOHCXOAHT B pesysIbTaTe TepexOa MOIeKyJI C HeKOTOpOrO ypOBHA n 
B HelIpepbIBHbIt cnekTp. PaccmMaTpuBaeM TOJbKO HadaJIbHYyIO CTaqMio WHCcomMa 
IMM, OSTOMY MpoleccaMH peKOMOMHAMH MpeHeOperaem. 

Pemenne HesMHeHHON cucTempI (1) B OOmleM CJITy4ae CBA3AHO CO 3HaUHTeb 
HBIMH TpyAHOcTAMH. B Janno 3aqaue, OHAKO, MHTepec NpescTaBAAeT KBasH 
cTallHOHapHoe paciipesenenve, onpeensiomjee CKOpOCTh AMccouMalyn. OT 
pacnpemesieHve MMeeT CMBICJI, NOCKOJIbKY BpeMA KOseOaTeIbHOM pelakcalu 
3HaUHTeJIbHO MeHbINe BPeMeHH peakcallMu, CBA3aHHOrO Cc ANccounauMel (1) 
TlomyseHHe KBa3HCTalMOHapHOTO pellieHHA ABAeTCA 3afauel HeCpaBHeHH 
6oulee Je€PKOH, TAK KaK OHO ONpeseAeTCA 3HAYeCHHEM CKOPOCTH peaKIMH B KaxK 
Jibiit JAHHbI MOMeHT BpemeHu. KpasvcTalMoHapHoe paciipeseseHve, Kak moka 
3aHO B (!), 3aMeTHO OTJIM4aeTCA OT OOJIbIMAHOBCKOrO TOJIbKO Ha BepXHUX KOE 
OaTeIbHbIX YPOBHAX. OTO yTBepxKeHHe CIpaBelIMBO pH yyeTe OMHUX JMU 
MpoweccoB Wepexofa nocTymaTeIbHOW SHeEprHH B KOJIeOaTebHYIO, MO9TOM 
OHO TeM 6ovlee OyMeT CIIpaBeMIMBO, CCIM YYHTHIBATb elle M MpoOmecchl nepelayw 
KOJeOaTeIbHbIX KBaHTOB. OCHOBbIBAACh Ha STOM Pe3YJIbTATe, MOXKHO YIPOCTHTh 
cucTemy ypapHenua (1). Bemuunna o B (1) onpefesaeTca B OCHOBHOM MOUJIeKyuJa- 
MM, HaXOMANIMMHCH Ha WepBbIX KOsieOaTeIbHbIX YPOBHAX. OTH MOJeKyJIbI C 
6ObIIOM CTeMeHbIO TOUHOCTH OOsIaqarwoT OOJIbIMaHOBCKMM pacmpesesenvem, 
OSTOMY 

ae I 
a= S nx, (t)= Ue) ys: Tajo TO te 


{) 
e —1 


(2) 


C yuerom (2) cucremy (1) MoxHO 3amucaTb B Buje 


dx n 


af = ZPin l(a +1) kag — Ulm + Le +] xa + nen a}, 


Phi Gel ee), oe eee a eects (3) 


d. Ey 


dt 


* 
=LP ate: "hae Novy Las 
rye 


Pig = Pyo|1 + (1 e974 92] = BP ip. 


TloquepkHeM, TO CHcTeMa ypaBHeHHH (3) WpHrosHa TOMbKO AA OMpesete- 
HU KBa3HCTalMOHapHOroO pacripesemteHua. MMenHo pu STOM ycIOBHN HeHHeH- 
Hada cHcTema (1) cBoquTCa K MHeHOM cucTeme (3). 

Cuctema ypaBHeHuli (3) To opMe coBiafaeT C aHasIOrHYHOH CHCTeMOH, 
BbIBEJCHHOH TIpH paCCMOTPeHHH Tipolecca AHCCOWMAUMH MOJIEKYJ, COCTaABJAI0- 
IHX HeOOJbIyIO IpHMecb B OfHOaTOMHOM rase (1,2). EquncTBenHoe oTmmune 


2 


3akuodaeTCA B TOM, ¥YTO BMecTO Py) KOTOpoe durypupyerT B (°?), B aHHOM 


: 
cryuyae cTonT Py, oTMMUaIouleecd OT Py) MHO*KUTeem $B. CucTeMa ypaBHe- 
HH (3) pemiena B (1). PemienHe umeeT Buy 


Xn = Xe 1 Op), Sig == apa ee 


isa paccMaTpHBaemMoH MOTeIH MOJI€KYJIbI B WHalasoOHe TeMiepaTyp, 
MCHbINHX HJM UOPATKa XapaKTePHCTHYeCKHX, Py 3aAMeETHO OTJIMYHO OT HYJA 
TOJbKO HpH Nn = No. B YaCTHOCTH, 


“rn Cet 


—e ==t5 é 
b's IRC) Ilo P lo 
Ng 0 | ny ye nP io 
i= 


1 
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JameHa Py) Ha Py IIPHBOAUT K yBeMYeHHIO X,, BB pas. IIpn Temnepaty- 
aX HMKE XapaKTepHCTHYeECKUX Qyy S>Py.(°),, MosToOMy BSS 1; npn Temmepa- 
ypax mopayka xapakTepucTHyecKHX Qiy)~ Py) Hu B— 1 

Takum o6pa3som, mpolecc nepeqaunv KOseOaTeLHbIX KBaHTOB IIPH CTOJIKHO- 
eHHH MOJIEKyJI B Wpowecce AMCCOMMalMu yBeJHYHBaeT KBA3MCTAIMOHAapHyoO 
aCeJICHHOCTb MOJIeKyJI Ha BePXHHX KOJIeOaTebHEIX YPOBHAX, NpuOmMKAA ee 
- PaBHOBeCHOH. STO yBeIM4eHHe CyIeCTBeHHO pH TemNepaTypax HMKe Xapak- 
epHcTH4eCKUX H He HIpaeT 3aMeTHOHM POH pH Temnepatypax Bbille UH T0- 
AKa XapakTepucTHuecKkHx. 

@Musnvyeckad TpHuvHa yBeJHYeHUA 3acesleHHOCTH MOeKyJI Ha BepXHHX 
OeOaTeJIbHbIX YPOBHAX O4eBUAHA. IIpH HA8KHX TemMepaTypax mporecc mepe- 
au SHEP BEICOKOBO3OyxXKJeHHEIM MOJIeKyaM 3a CueT OOMeHA KOJeOaTeJIb- 
bIMH KBaHTaMH IIpOWCXOLUT ObicTpee, YeM Mpoecc Nepesaun 9HEprHH,  CBA3aH- 
bit C MepexofoM MOcTyMaTeJIbHOH 9HEPprHH B KONeOaTembHy1O. YBemnueHne 
KOPOCTH MOauH MOJIeKYyJI Ha BepXHHe KOJeOaTebHbIe YPOBHH pH He43MeHHOH 
€pOATHOCTH lepexoya B Hem pep bIBHBIL cnekTp (Pn, ~ 1) H npHBO_NT K yBeJH- 
€HHIO KBa3HCTallMOHAapHOH 3aceJIeHHOCTH. 

IIpu conocTaBleHuv NOAYYeHHBIX pe3yJIbTATOB C SKCHepHMeHTAIbHLIMH JaH- 
bIMH CJieyeT HMeTb B BUY, TO paccCMaTPHBaeMad MOJleIb HE YUHTHIBACT 
HTapMOHHUHOCTH, MOSTOMY IIPHMeHUTeIbHO K JBYXATOMHbIM MOJIeKyJIaM Ha- 
TOAMLHe PesyJIbTATbI HOCAT Ka¥UeCTBEHHbIH XapakTep. OHakO B CJlyyae MHOFO- 
TOMHBIX MOJI€KYJI, TepMHYeCKaA JMCCOMMAINA KOTOPHIX NpONCXOAUT Cc H3Me- 
€HHEM MYJIbTHIJICTHOCTH, MOTCHILHA B3AMMOJeCHCTBUA BONb paspbiBaiolllelcs 
BASH JOCTATOUHO XOPOIO almpokcuMupyetcaA MOebIO OOpesaHHOrO rapMo- 
MuecKOrO OCIMINATOpa. STO, B YaCTHOCTH, OTHOCHTcA K N2O npH Auccomna- 
uv Ha Ne uO. B 9sTom culyuae NO yueHHble B padoTe pe3yJIbTAaTbI MIpeTeHAYIOT Ha 
OJIMYeCTBEHHOe OMHCaHHe. 

B 3akso4eHve aBTop BbIpaxkaeT riyOokylo OnarogapHocThb mpod. E. B. Cry- 
OUCHKO 3a OOCYyKeHHe MOJYYeHHBIX Pe3yJIbTATOB. 


MockoscKul rocylapcTBeHHbIlt yHHBepcHTer Tloctynnuio0 
um. M. B, Jlomonocosa Velo) X L960 


IMTHPOBAHHAA JIATEPATYPA 
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hem. Phys., 1, 361 (1959). 2K be shu lens JiiChemm Physe 31, $1375) (1959): 
Remon 2. 122-9 law Sikiy; Kk. Herzfeld, J. Chem. Phys: 20, 1951 (1952). 
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Jloxaann Akagemun nayrx CCCP 
1961. Tom 137, Ni 4 


Akajyem uk AH BCCP B. H. CTEI AHOB 


K BAHTOBO-MEXAHHUECKAA TEOPHSA CMEKTPOB MOrJIOWMEHHA 
VW JOMYMHECHEHUMM CJIOKHbBIX MOJIEKYJI 


MuOrounCJIeHHble MOMbITKH OODACHEHHA OCHOBHEIX OCOOeHHOCTeH CMeEKTPOB 
MOT IOMLCHUA HW JIOMHHECIeHILMH CJIOMKHIX MOJeKyJ (1~*) ellie He IpHBesIH K OKOH- 
YaTeJIbHBIM pesyJIbTaTaM. B HacTOAULeM COOOMleHHH pacCMaTpHBaeTCA BoTpoc 
O IIpHMpoe CMOMIHbIX Mos0C, AHAJIMTHYeCCKOM BbIPaKeHHH JIA UX KOHTypa 4H 
TIpH4YMHAaX CTOKCOBbIX TOTepb. Lia pelleHuaA STOH 3aauH MpHBJeKaloTCA Hen 
TeOpHH Mpequccounalun B opMe, MmpeoxwKeHHoH B paboTax (°,*). Monyaenupie 
B HHX peWICHHA TOUHI, HO OTHOCATCA JIMUIb K YACTHOMY CJly4aloO OJHOMepHO 
3aadH HW «B3aMMOJeHCTBHIOY JMCKPeTHLIX YPOBHEH C COBOKYMHOCTbIO HelIpepbIB- 
HBIX YpOBHeH OAuHaKOBOH TycToTHl. JIA cyyad CJIOMKHLIX MOJIEKYJI MOKHO 
CCOpMy/JIMPOBaTb TO aHaJIOTHH JIMUIb OOULMe CBOHCTBA pellieHHA, H TEM He Me- 
Hee OHH MO3BOJIAIOT MIpaBHJIbHO OOSACHUTb IKCHEPHMeHTAJIbHbIe PaKTHI. | 

B COOTBeTCTBHH C OObIYHBIMH TpeCTaBJIeHHAMH O CBOHCTBaX OMITHUECKH | 
AKTHBHBIX QIeCKTPOHOB O6yeM MpesnouaraTb, YTO SJIeKTPOHHOe BO3OyxKeHHe © 
HeMOCpeACTBEHHO CBA3AHO C H3MeHeEHHeEM KOJIeOaTeJIbHOrO COCTOAHHA TOJIbKO 
OJHOH HWJIM HeCKOJIbKUX KOJeOaTebHbIX CTeleHeH CBOOObI (Ha30BeM UX MIA 
KpaTkocTu rpynmol A), a Bce OCTaIbHble CTeMeHH CBOOOAbI HIpaloT POJlb TeIO- 
ro pesepByapa. OTo o3HayaeT, YTO MOTeEHIMaJIbHbIe (PYHKWMM BepXHero HM HAXK- 
Hero 3JICEKTPOHHBIX COCTOAHHH OTIM4AIOTCA Apyr OT Apyra ToubKO AA KOOpAH- 
HaT rpynmpl A MW TOKAeCTBEHHHI AIA KOOPAMHAT TeMIoBoro pesepByapa *. : 

B HymeBoM IpHOmmKeHHuM TepeMeHHbIe JBMKeHHA safep (q) rpynup A u 
BceH OCTaJIbHOH YacTH MoseKynbI (Q) pa3syqensiotca. CoOcTBeHHbIe (yHKUHH ~ 
B HHKHEM.H BepXHeM 3uICKTPOHHOM COCTOAHHH COOTBETCTBEHHO HMeIOT BHI‘ * © 


‘bi (x) Po (q) Pe(Q), ‘Pa (*) Pox (9) "per (Q). (Da 


Srecb (x) HM tp.(x)— pewieHua smeKTpoHHOrTO ypaBHeHusA LJpenqunrepa; 


> 


~w(g) 4 ‘DP ,-(9)— peulenus KOJleOaTebHOrO ypaBHeHHA AIA rpynnp A; 


w-(Q)— fA TenmoBoro pesepspyapa. Tak Kak MOJeKyJa JOCTaTOUHO CJIOKHA, | 
TO 3HaYeHHA SHepruv © TelNOBOrO pesepByapa MpoOeraiwT HelpepbiBHbIi pay; 
coOcTBeHHbIe yHKHH p,.(Q) BepxHero HM HW KHerO COCTOAHMHM HHKaK He) 
CBAZAHbI C COCTOAHHeEM 9JIEKTPOHHOTO OOsaka HM Np 3afaHHOM 3HaueHUH &- 
qin BepXHero MW HWW KHErO COCTOAHHA OMHAaAKOBbI. Bo3MomxKHbIe 3HayeHHA | 
KOJIeOaTeNbHOH 9HEprHH w Hu w rpynmp A B OOOHX 9eKTPOHHBIX CocTOR- 
HMAX JMCKpeTHbI MH MOryT ObITb pa3MUHbI. BBHAY pa3HYHA MOTeHIHaIbHbIx 
(yHKuMH (uMeeTCA, MO Kpalineli Mepe, CMelleHHe MHHHMYMOB) COOCTBEHHLIE | 
PYHKUHH Wo(g) poe (g) He OpTOHOpMNpoOBaHEl. 

Ecau Obl HyJleBoe TpvOnMxKeHHe ObIIO CiIpaBelHBO, T. e. B3aHMMOjel- | 
cTBHe rpynnbt A c OcTambHOH 4aCTbIO MOJIeKyJIbI OTCYTCTBOBaIO, TO BH | 
cnekTpa oONpefsemaica Ob! TOoMbKO rpynnoHw A. VMytTexcuBHocTu oTeabHbIX 


* Lemecoo6pasHocTb BBeJeHUA MOHATHA rpynmt A oTrmeyeHa BepBble B pacore (8). B pa- | 
Gore (*) BbICKagaH PAL [eTAIbHbIX COO6paxeHHH O cBOiicTBax sTOH rpynn. B nocaeqHee Bpema | 
STUMM TpeAcTaBeHHAmMM BOCTIONDsOBaIcA C. MW. Ky6apes (*). j 

** Mbl cuvTaeM 3feCb, "TO cHpaBeqIMBO agMabaTHuecKoe npHOmMHxKeHHe U nlepeMeHHEIe 
ABWKEHHA 3/CKTPOHOB x Hi JBHXKeHHA sep g, Q pasyemsmrioTca. | 
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iCKPeTHBIX JIMHHM Cc yacToTamMu E,,-+ WwW °—W ObNIM Obl MPOMOpMHOHabHbI 
3aipaTy MATPHYHOTO 2yIeMeHTa Mepexoja: 


[Doar = | va (x) Dut (x) de | [po (g) ir (@) da} = 


= | Dys|? [tho (q) Por (9) dq. | (2) 
Pacuer mpopefeH B HpHOmmKenun @panka — Koujona, T. e. mp Hesa- 


ACMMOCTH OMepaTopa D or KosleOaTebHbIX KOOPAMHaT. SameTHM, 4TO ApH 
epexoflaxX C JaHHOrO HCXO{HOTO cocTOsAHHA w 


D [Yo (9) Por (9) dg? = Si (Mow)? = 1. (3) 


w* 


Uto6bl OT BepOATHOCTH NMepexojfla nepeliTu kK yHcsy Nepexoxos, 3HaveHua 

Dw |? HY2KHO YMHOXKUTb Ha HaCeJICHHOCTb ypOBHell w. 

PaccMoTpHM Tellepb H3MeHCHHA B CIeKTpax, KOTOPble MpoOu3olifAyT pu 
yeTe pe€aJIbHO CYLIeCTBYIOMerO CHJbHOrO B3aHMOJeHCTBHA KOMeOATebHbIX 
relieHeH cBoOoybl rpynupbl A uw BCel ocTambHOH yacTH MovieKysbI: Ecau pas- 
OXKUTb UCTHHHY1O KOJeOaTeIbHYIO COOCTBeHHYIO (yHKIHIO 10 COOCTBeEHHBIM 
YHKUHAM HyJesoro NpHOMMKeHUA, TO AIA HMKHeTO H redial QJIEKTPOH- 
Oro COCTOAHHH MosyYHM, COOTBeETCTBEHHO: 


be (9, Q Suet One (E) tb, (9) tp, (Q); (4) 
Pex (9, Q)= 2 Over (E") Pax (9) Pex (Q)- (9) 


Suayenna E u £* npuuumaioT HenpepbiBHbli pay, 3HaveHui. Crporo rozops, 
(4) wu (5) cyMMuHpoBaHHe M0 € JOKHO ObITh 3AMeEHEHO HHTerpHpoBaHHeM. 
iHaKO, KaK TloKa3aHo B (°,°), pH KOHKPeTHOM pacueTe HeIIpepbIBHYy!0 CH- 
TEMY YPOBHEH MO2XKHO 3aMeTHTb JMCKPeTHOHM CHCTeMOH C ONeHb OJM3KHMH 
aCCTOAHHAMH MexKy ypoBHAMH. Tak Kak HCXOJHbIe CHCTeMbI *yHKMLMM 
1w (4), Win (G), Pe(Q), a Take KOHEUHBIe CHCTeMEI *yHKUMH pp, H Vp. 
PTOHOPMHPOBaHI, TO Mexy KoappuuneHTamu pa3omweHuli (4) wu (5) cy- 
lecTByeT pA 3aBHCHMMOCTeH: 


5} a. (EP=1; 3) la. (ENP = 1. (6) 


pH mo06nix E u E*; 


Die Deter I (7) 
E : E* 


[pH JOOBIX w, w" U é. 
®ynxunn p.(q, Q) 4 ..(g, Q) He OpToronanbubl Apyr K Apyry. B camom 
OuleM ciy4ae t 


Dy lhe (4, Q) Vex (9, Q) dg dQi? = Y} (Mee)? = 13 (8) 
E* E* 
DU fe (4 Q) We ( Q) dq dQ? = Y}(Meg.)® = 1. (9) 
E EB 


| GHaueHve [Awe (E)]? B (4) ompefenseT BepoxTHOCTb TOTO, YTO B HCTHHHOM 
OCTOAHHM MOJIeKyJIbI C KOMeOaTebHOH sHepruen E OylyT OOHapy2xKeHbI CBOH- 
TBa JHCKpeTHOrO ypoBHA W rpynmbt A H OHOBpeMeHHO ypoBHA & TervJO- 
oro pesepByapa. AHasOrHUHbI CMbIC] MMeeT BepoATHOCTH [a ,.,(E°)]?, HO 


w*e* 
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qWis| BepXHerO 2eKTPOHHOO cocToAHUA. TakuM OOpas0M, XapaKTepHbie CBon- 
cTpa rpynmbt A, a HMeHHO ee CMOCOOHOCTh y4aCTBOBaTb B Tpolecce aneK- 
TPOHHOFO Hepexofla HM ONpesesATb BepOATHOCTh TMorsonuleHHA HW MCnyckaHuAd 
OTICNIbHBIX UaCTOT, OOHAPY2KUBAaIOTCA BO BCeX PeaJIbHbIX KOMeOATEMbHBIX CO- 
CTOAHHAX MOJeKYJIbI CO BCEMH BOSMOXKHBIMH 3HAYeHHAMM SHeprHy. Sueprus 
rpymmbt A B 3a]aHHOM COCTOAHHH MOJleKyJIbI HeorpesewenHa. KonxpetHbiii 
BH, 3aBHcuMocTeli [Awe (E)]? or E,w,e u [o....(E*))? ot E’, w", & omnpere- 
simeTcs cBolictBamMa rpynibl A w TellioBporo pesepByapa, a Take BHJOM 
onmepaTopa B3aHMOfelicTBUA Mexy HHMH. OHaKO HeKOTOpble OCHOBHBIe OCO- 


OenHocTH dynKuul [o,.(E)|? w [o,...(E°)]? MoxHO yCTaHOBHTb H 6e3 pac- 


w*e* 


5 6 ‘ 
yeTOB Ha OCHOBe 3aKOHa COXpaHeHHs SHeEpru MU WaHHbIX paoor (°,°) No Teopun 


mpequccownannu. Tak, HampHMep, MaKCHMaJIbHOe 3HaveHHe BePOATHOCTH 
{we (E)]? GyneT IpH Tex 3HayeHHAX FE, [A KOTOPbIX w+ paso EF nau 
61H3KO K Hemy. IlonyuiMpHHa KpHBbIX [Awe (E)]® UW [to*es(E*))? Kak PyHk- 
uni E nu E* Oyner Tem Oonpule, vem Ooubue B3aHMOeHCTBHE rpynnpl 

€ OCTaJIbHOH UYaCTbIO MOJIEKYJIbI H OOJIbIe MOTHOCTh YPOBHeH TelOBoroO 
pesepByapa. 

PaccMoTpuM Teliepb OnTuyecKHe MepeXObl MexLy KOueOaTeJbHbIMH NOJ- 
YPOBHAMH HWKHEFO HW BepXHero 3CKTPOHHBIX cocTOAHHH. BeposTHocTH mepe- 
xoloB c yactoTroh hv=£,,+ E°—E Bs oomem ciyyae NponoplloHaJbHb 
KBaypaty MaTpHYHOrO SJIeMeHTa 


Deve =|\ ps (x) pelq, QDS (2) Yeo (Gs Q) dx dg dQ l= 


* 


= |Drz|*|\{ 3) ove (E) Yeo(g) Ye (Q)}{ Dy atone (E’) or (Q) Ver(Q) da, dQ| 


we, st = 


2 


=|DrzP| >) ue (E) are (E) Mirae | 


Ww, Wt, € 


Tipu ppluncienun (10) MbI BOCHOMb30BaIMCb OPTOHOPMMPOBaHHOCTbIO MyHK- 
HH HyJeBoro NpHOMKeHHA. 

Bripaxenue (10) onpeqenaeT BH KOHTypa TOJOCbI MOrMOuleHHA, KOTOPHIM 
Obl Obl, CCIM ObI BCe MOJIEKYJIbI HAXOAHJIHCb B OHOM HM TOM 2Ke HCXOJHOM COCTOR- 
Huu c sHeprved E. McTuHHbili KOHTYp MOrJIOMleHHA NapoB CJIOKHIX MOeKyA 
nowyautes, ecm (10) ymHoxuTs Ha PyHKUMIO pacnpexenenua (LE) u mpounter- 
PHpoBaTb no Bcem EL. 

Corjacno (10) ontwyeckuwe TepexoXbl BO3MOXKHbI MeXKLy IMOObIMH KOse6a- 
TeJIbHbIMA MOYPOBHAMK KOMOMHUPYlOleH Mapbl ICEKTPOHHLIX ypoBHeH. XoTA 
rpynna A, HellocpeACTBeHHO y4acTBYyIOUlad B Mpolecce 3/leKTpOHHOFO Mepexosa, 
oOlaqaeT AUCKpeTHOM COBOKYNHOCTbIO KOJIeOaTeJbHbIX YPOBHeH, MCTHHHBIC 
CIeKTPbI MOPIOWeHAA H MCMYCKaHHA MOJIeKY Jbl Kak Wesoro OyAyT MMeTb CiJOMI- 
uble Nouocel. Tako xapakTep CMeKTpOB BO3HUKaeT B pe3ybTaTe B3aMMOseliCT- 
BHA KOJeOaTebHEIX CTeleHel CBOOOAEI rpynbt A c ocTabHOM YaCTbIO MOJIeKy- 
Jibl WM MpeAMCCOWMaNMOHHOTO pa3MbITHA [MCKPeTHBIX YpPOBHeli B pesysbTAaTe 
HeEOLTHYeCKUX MepeXOOB YaCTH KOseOaTebHOM SHEPMH, MOMyIeHHOH B pe- 
ByJIbTaTe BOZOYAKeHHA H COCpeAOTOYVeHHOH MepBOHAaUaJIbHO B rpynne A, B 9Hep- 
THIO TellIOBOrO pesepByapa. 

CnJIOWIHOl XapakTep Tovloc NorsoujeHua M UcrycKaHHA OocymlecTBAAeTCH 
Jib Tp OOMbIIOM B3aMMOJelicrBHH rpynmb A wu ocTambHO YacTH Mose- 
KyJIbl, a TakK2Ke JIA MOCTATOUHO CJIOKHbIX MOMeKYJ C HeEMpepbIBHbIMH 3Haye- 
HHAMM SHEPrHM TelOBoro pesepByapa. Ecau p3aumogeficrsue rpynmp A x 
pesepByapa OTCyTCTBYeT, TO KOSPPUUMEHTHI Oye (E) Wot ,..(E*) B (10) ornwunps 
OT HyJs TOJbKO mph E =w- e Mw cooTBercTBeHHO upn E* = w* + ©", HW BbI- 
paxenne (10) nepexogut B (2), xapaxrepusyiomee nucKperHblit HaOop yYacTOT. 
IIpu MaJIbIX B3AMMOJCHCTBUAX TIPeAMCCOMMALMA Malla, PAaCMpeeneHHA oye (E) 
HW Oo 4..(E°) uMeior OcTpbili mMakcuMyM, u BbIpawkeHue (10) onpexenner au- 
CKPeTHbIM CHe€KTP C PaClIMPeHHbIMH, MHOPa NepeKpbiBalOlMMUCs NomOcKaMH- 
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_ Beipaxenne (10) copmectuo c (4) u (5) no3sBomser OOBACHHTh M Apyrue 
‘SKCIEpHMeHTaJIbHO HaOwJtofaemMble ocoOeHHOCTH cnekTpoB. Ecau morTeHtMasb- 
Hble (PYHKUMH B BepXHEM H HWXKHEM YJIEKTPOHHOM COCTOAHUAX OJMHAKOBHI, 
TO Chapter ee co.(C) pues =, ww, “e — 28 u(Muee)” = (Morn)? At 
MepexofoB ¢C MOTMOWeHHeM HM UCIycKaHWeM MexK)ly OMHHMM HM TeMH 2Ke HCXO]- 
HbIMH H KOHeCUHBIMM ypoBHamMH rpynmb! A. B 3Tom uacTHOM csyyae corsac- 
HO (10) KBajlpaTbI MaTpHUHbIX JCMeCHTOB MepexOMa AA YaCTOT Vaora = Von + Av 
MU Vucn = Voen— AV paBHbl Apyr Apyry, H, CJesqoOBaTewbHO, Mpv paBeHCTBe 
yHKuMH pactipefenenusa p(E) u p(E*), ocyulecTBAoMeMca Id pacTBOpos, 
KOHTYpbl MOsOc MOrWOWeHHA HW MCIyCKaHHA CHMMeTPHUHbI Jpyr Apyry (upa- 
BUNO 3epKaJIbHOH cumMetpuH JleBuimHa). Uacrota CHMMeTpHH CHeKTPOB COB- 
MlafaeT C Von. [pu HeBbINOJHEHUK OHOTO H3 3THX YCNOBHM CHMMeTPHA cleKTpa 
Hapyliaetca. Ona HapyliaeTca, B YaCTHOCTH, [If apoB, Tak KaK B 9TOM 
cnyuae p(E)-p(E’). 

V3 (8), (9) u (10) cnenyer, aro unterpanpi oT | Deg+|? no E u or | Deve? 
mio E* papuni | D,.|?, ceqoBpaTebHO, TWoWaqH nosloc norsomjeHusa u ucry- 
cKaHua (wHTerpambl Kpasia) He 3aBHCAT OT OCOOeHHOCTeH CTpoOeHUA KOue- 
OaTeNbHbIX YPOBHEli MOJeKYJIbI U ONPeJCAAIOTCA TOMbKO BEPOATHOCTHIO 9JIeK- 
TPOHHOTO Hepexofa. OHM He 3aBHCAT OT Bua YHKUNH pacipesenenna u, 
B WaCTHOCTH, OT TeMMepaTypbl H CllocoOa Bo36yxKeHHA. 

Tak KaK BeposTHocTH MepexogoB |Deeg«|? u |Dexg|*? 3aBucHT OT HCXO- 
HOrO YPOBHA, TO KOHTYPbI MOJ0c NOrJOWeHAA HW HCIHYCKaHMA CBASaHbI C BAOM 
PYHKUMM paciipeleseHuA U, CeLOBaTeJIbHO, Cc TeMilepaTypow. Kontyp mosocbl 
JNOMHHeCIEHILHH B OOMLEM CJly¥ae 3aBHCHT OT YacTOTbI BO3Oy2xKaloulero cBeTa. 
B pacTsopax (dyHKUHA pacripeyenenua p*(E*) u, ciefoBaTedbHO, KOHTYpbI 
TIOJIOChI JIOMHHECHeCHUMH He 3aBHCAT OT YacTOTH] BOsOyxKMalolleH pafuallnu. 

M3 ananusa (10) cexyeT, 4TO KOHTYp MOMOChI NOTIOWleHHA OMpeeAeTCA 
B OCHOBHOM 3aBHCHMoCcTHIO (M+)? OTW HU W*, T.€. B3AHMHBIM pacrioJIOwKeHHeM 
NOTeHUMaJbHEIX PYHKUMM BepXHerO MH HWKHETO COCTOAHHM JIA MepeMeHHbIX 
rpynn A. Ecam 6nt (Myw*)? He 3aBHCeIO OT W HU w*, To 3Ha4eHHe (10) GbIsIO ObI 
JIMIb MOHOTOHHOM tbyHkKuUvel YacTOTH! Norsomlaemoro cBeTa. B JelicTBATeJIbHO- 
CTH KOHTYP MOJIOCHI ABJIA€TCA HECKOJIbDKO UCKaKeHHOH OFrHOalollelt WUCKpeTHOrO 
CileKTpa, CyWleCTBOBaBIUero Ip OTCYTCTBHH B3aMMOselicTBuA rpynnbt A uv Ter- 
JIOBoro pesepByapa. Tak Kak MaKCHMYM (Maw«)? HAXOAUTCA Ip w* <wW, TO MaK- 
CHMYM MOJIOCHI MOrOWeHHA MpHXOMMTCA Ha YaCTOTY, MpeBbIlaloulylo yacTOTy 
YUCTO SJIEKTPOHHOTO Mepexofla. Orciofa CuleayeT, YTO Npolecc MOrOUleHHA CO- 
TIpOBowKWaeTca (B CpeHeM) YBeJIM4eHHeM 3aNaca KOJIeOaTeJIbHOH SHEPruM BHYT- 
pH mowekysbi. Becb u36bITOK KOJIeOaTeIbHOH SHEP, BbIeMBUIMUCA MepBO- 
HauaJIbHO B rpymne A, mepesaeTca TemOBoMy pesepByapy, H COCTOAHHe rpyt- 
tbt A meped akTOM HCIycKaHua OH3KO K HCXOXHOMY, CYUeCTBOBaBIeMy JO aK- 
Ta noriomenuad. AKT ACIyCKaHHA BHOBb COMpoOBomAaeTCA YyBeJMYeHHeM KoOUJle- 
OaTeJIbHOH SHepruu rpynnpt A, ITO u ABMAeTCH NPHYHHOH KpacHoro CMellleHuA 
MaKCMMyMa@ IIOJIOCbI HCIyCKaHUA OTHOCHTeJIbHO MAKCUMYMA IIOJIOCHI MOT IOWLeHuA. 


MucrutyT u3vxn Ilocrynuso 
Axajemuu Hayk BCCP 9 XII 1960 


HWMTHPOBAHHAS: JIMTEPATYPA 


15. HW. Crenauos, Jlwmuunecnenuua coxwuptx monekya, M37. AH BCCP, Munck, 
1955. #5. U. Ctrenauos, Yen. dus. wayK, 108, 3 (1956); JAH, 112, 839 (1957); 
Msp. AH CCCP, cep. dus., 22, 1034 (1958); 22, 1367 (1958). % B.C. Henopeut, 
MKOT®, 21, 172 (1951); Was. AH CCCP, cep. ¢us., 15, 533 (1951); K®X, 30, 1048 (1956). 
4 C. UW. Ky6apes, WUss. AH CCCP, cep. cus., 24, 775 (1960); Ontuxa u cnexrpo- 
cxonua, 9, 1 (1960). *®° 5B. UW. Crenauos, JKST®, 15, 485 (1945). *®O. Rice, 
Phys. Rev., 33, 748 (1929).; Phys. Rev., 15, 1551 (1930); J. Chem. Phys., 1, 375 (1933). 
*b. YW. Crenauos, V3s. AH BCCP, Bs. 5, 65 (1954). 
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Jloxnaynn Akagemuu nayr CCCP 
1961. Tom 137, Nb 4 


TEXHHYTECKAA ®PH3HKA 


HM. B. BOJIKOB, B. ®. ECHTIOB u I. B. WETJIOB 


KOHTAKTHbIM YCHJHTEJIb HZOBPAXQKEHHA JIA KPACHOM 
OBJIACTH CHEKTPA 


(ITpedcmaeaeno axademuxom A. H. Bepeom 19 XI 1960) 


KouTakTHble YyCHJIMTeIH U300paxKeHHA OKa3aJIHCb BbICOKOSPpeKTHBHBIMY 
B (poTorpaduyeckolt w uHdpakpacHolt o6acTu (*,”); B KpacHoH O6acTH CneKTp< 
cosqanve yCuJIMTeIA M300paxKeHHA 3aTPYAHeEHO HEBbICOKOH 3adPeKTHBHOCTHK 
KNaCCHYeCKUX MOTOKAaTOOB B STON OGwacTH (°). 

B 1959—1960 rr. Hamu GObIIH MCMbITAHbI NpHOOPbI Avid KOHTAKTHOTO Moro: 
TpadupoBaHua, aHaJOrM4Hble ONMMCaHHBIM B ('), C BACMYTO-Ie3HeBbIM H MHOFO: 
WLeIOUHLIM cboTOKaTOZamMu. CBolicTBa OAHOTO M3 STHX PoTOKAaTOJZOB (MHOFoITe 
JiouHoll) UcceqOBaHCb B (*); Ad Hero XapaKTepHa CPpaBHUTeJIbHO JaseKkaa kpac: 
Had rpanuna (1% makcumambHol syBcTBUTeIbHOcTH y 8500 A) mp Becbma He 
3HAUHTeEIbHBIX TEMHOBLIX TOKaX. KpacHand rpaHulla BHCMyTO-lle3HeBoro KaTOé 
HeECKOJIbKO GuIM2Ke, HO, HECMOTPA Ha 9TO, CFO TEPMOHOHHAA IMUCCHA CHJIbHee 
Bocnpou3pesenve mofo6ublx PoTOKaTOJOB B BaKYYMHBIX YCHJIMTeIAX u300pa 
YKCHUA OCJIOMKHACTCA HEOOXOAMMOCTHIO OovIee TOUHOH, YEM B CPOTOSIEMeHTAaX, JO 
3UPOBKH ULeJIOUHbIX MeTAJIJIOB. 

Jia ompeyeeHva aBaemMoro NpHOopoM BBIMIpbila YYBCTBUTeJIbHOCTH IIpo 
HU3BOAMOCh PoTorpaupoBaHue C eFO MOMOMLbIO ra30BbIX TYMAHHOCTeH B CBeT* 
suuun Ho, (6563 A). [utatomuii o6bekTHB uMe cBeTocuy 1: 1,5; mepeq HUN 
ObIJI YCTAHOBJIeH Y3KOMOJIOCHbIH JMRIEKTpHYeCKHMH CBeTOPHJILTp IA JIMHHI 
Ho, (Ad. 40. AY T= 60%); 

Jlna cpaBHeHua Ta Ke OONacTh HeOa (hoTorpadupoBasacb Cc TOM %Ke KOMOMHA 
Hel OObeKTHB — CBeTOPHJIbTP Ha CMelHasIbHOM CopTe NaHxXpoMaTuuecKol 
QMYJIbCHM AIA OobIUuX SKcTO3HuNH Kodak 103 aE. 

Ha puc. | uw 2 (cm. BKeliky, crp. 830) mpHBeleHbI 9/IeKTpOHHO-TeJeckomHye 
CKHM HW OOISHDI CHHMKH TyMaHHOocTH NGC 7000 c akcno3HIMAMM COOTBeETCTBeH 
Ho | uw 60 mun. Busyanbubie olleHKH HM MpoMep HeraTHBOB NOKasbIBalOT, UTC 
3JIEKTPOHHO-TeJIECKONMYeCKOe YCTPOHCTBO JaeT NO CpaBHEHHO C OOLINHOM oTO 
rpaduveli seKTHBHLIK BLIMTPbIL B YYBCTBHTeJIbHOCTH GOovlee 4em B 5O pas. Ip) 
Tlepexofle K OOJIbUIMM SKCIOSHIMAM JaBaeMbIH TIpHOOPOM BbIHTpbIl BOSpacTaeT 
TaK KaK OTKJIOHCHHA OT B3AMMOSAMeECTHMOCTH Y COBPeMeCHHBIX SMYJIbCHH yBeJIH 
UHMBaIOTCA IPH YBeNHYeHHH SKCHO3HUMH. CrelyeT OTMETHTb, YTO CJeLbI COO 
CTBeHHOrO MoHa 9JIEKTPOHHO-TeIeCKOMMYECKOrO yCTpOHCTBa perucTpUpyioTe: 
JHIlb IIpH SKCHOSHUMH B HECKOJIbKO WaCcoB. 

B cuneli o6s1acTH ceKTpa aHasorvunble NpHOOpHI AaloT MERI BEIMTpHIL 
4YBCTBHTeJIBHOCTH TO CpaBHeHHIO C MpAMOM cotorpaduer (7). OTO MoxeT OBIT 
OObACHEHO OovubiehH seKTHBHOCTLIO HECeHCHOUM3UPOBaHHBIX (POTOIMYJIbCH 
lO CpaBHeHHIO C MaHXpOMaTH¥eCKUMH. 


Tocygapcrsenubili acrpoHomMueckuit MHCTHTyT Tlocrymuu1o 
um. I]. K. Irepu6epra 4 XI 1960 


UMTMPOBAHHAA JIMTEPATYPA 
1 Y. B. Boaxos, B. ©.'Eeunos, 11. B. Dleramos, JAH, 129, Ne oy 28 
(1959). 2B. ® Ecunos, Acrp. xypu., 37, N 3, 588 (1960). ff. By Wlerao: 
Actp. xxypy., 37, Ne 3, 586 (1960). 4*T. H. Pa6otuos a) JI. B.) Kyo neon Uiyer 
Crerotexunka, Ne 9 (1959). : 
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Joxraage Akagzemun nayr CCCP 


q 1961. Tom 137, Ni 4 


TEXHHYECKAA PH3UKA 


A. C. ®HAJIKOB u A. FT. JABHXOBHY 
O p—n-TIEPEXOJE B YPJIETPA®HTOBbIX MATEPHAJIAX 


(ITpedcmaeneno axademuxom II. A. Pe6undepom 14 XI 1960) 


@opMupoBanve TOHKOM CTpyKTypbl yruierpaduToBbix MaTepHasoB, oGycs10B- 
Ji@HHOe IIMPOKUM AHalmas0HOM TeMIepaTyp TepMuueckoH o6padoTrKu (~100— 
-+3200°) (7,"), compoBormaeTca aeKo HLYIMHMH W3MeHeHHMAMM UX 3/1eKTpH- 
weCKHX XapakTepHCTUK. BecbMa YeTKO 9TO BbIABJIAGTCA HA U3MCHeCHUAX C Temme- 
paTypol TepMu4YecKOH OOpadorTKH yJleub- 


HOO 3JleKTpocompoTHBseHua (*), TepMo- cm/KyNOH 
9leKTPOABUxKylel cub (4~°) H addex- =: 42 

ta Xomma(*"). [Ipwunupl yKa3aHublx 3a- 

BHCHMOCTeH OT TeMIepaTypbl TpakTYI0T- OIF 


CAH PIaBHbIM o06pa30M KaK H3Me€HEHHA B { 


COOTHOWMeHUAX KOHWeHTpaluit siextpo- “~gZ22_ 1890 ~~ 3000 °C 
HOB H JIBIPOK B Pa3MUHbIX TemMmepaTyp- 2000 2500 ~~, 
HBIX MHTepBasax oOpadoTKH. B cpBow  - gj) a. ‘ 


ouepeb H3MeHEHHe Xap aKTep a DJIEKTPOH- 
HO-JbIPOUHOH MpOBOJMMOCTH CBHA3aHO: 

a) Cc MepepacmpejjesieHHeM 3JIeKTpOHOB 
MexK]ly 1-H G-CBASAMH BCJIeCTBHe Mepe- 
CKOKAa 3JIEKTPOHA H3 %-COCTOAHHA B 6-COCTOAHHe (OOpa30BaHHe ABIPKH); 

6) C H8MeHeHHeM 4Ca COOOMIeCTBJICEHHEIX 9JIEKTPOHOB IO Mepe KpHCTaJIH3a- 
IlMH BellecTBa HU COJIM*KeHHeM YpoBHA DepMu Cc BepXHe panel 3OHbI MpOBO- 
J\MMOCTH; 

B) C H3M€HCHHAMH Biipollecce HarpeBa yrvierpapuToBOro MaTepHaa uC a 
M Bua Jedextop (*) ur) c yameHvem u3 MaTepvana Np TepMooOpaooTKe 
aKIUeNTOPHO-JOHOpHEIX mpumeceli (1%). 

CieqyeT OTMeETHTb, YTO B 3ABHCHMOCTH OT BUJa yrulerpauTOBOrO BelllecTBa 
WM MeTOJOB eFo OOpaOOTKH POulb OTACJIbHbIX MePeCYHCJIEHHbIX BbIIMe PaKTOPOB MO- 
2K€T MCHATLCA BECbMa 3HAUHTesIbHO. BMecTe c TeM TO OOCTOATEIbCTBO, ITO HA 
IIPOTAMKeHHH TeMMepaTypHoro HHTepBasia OOpaOoOTKH Y OTJeJIbHbIX BUJOB yrvie- 
pofla HaOmoaloTCA H3MeCHeEHHA 3HaKA MPOBOJMMOCTH, Co34aeT peaJIbHble mpes- 
NOCbIIKH JIA NOyYeHuA p — N-Mepexojos. 

B kauectBe oObeKTa HCCeQOBaHHA Obl B3ATbI JJIEMCHTHbIe YrIH WuaMerT- 
pom 6 mm H AmHHOH 800 MM, H3roTOBJIeHHble BbI.aBJIMBaHHeM MaCCbI, COCTOALIeH 
B OCHOBHOM H3 poKaJieHHoro mpu 1200° nekoBoro KoKCa X aH#KeCHKOBCKOLO 3aBO- 
fla c Ro6apkamu Jammospoi cawku KyfunHopckoro 3aB0Ja H KaMeHHOYrOJIbHOK 
CMOJIbI H eKa, NPHMe€HEHHBIX B KaveCTBe CBAZYIOULePo. 

O6umii Xo Mpotecca usroToBeHUA yraei onucan B (1). Tlouyuenupre yruiu 
MosBeprasucb TepMooOpaboTKe Mpv BbIepxKKe B TeyeHve O MuH. OT 1200 Zo 
3200° B armocdepe aprona B Meu c rpaduToOBLIM HarpeBaTeiem. Y oOpasiloB 
3X 7 X 28 MM, oOpa6oTaHHbIX MPH pa3JIMYHbIX TeMIlepaTypax, H3Meps- 
JIMCb B XOJIOMHOM COCTOAHHH KosppuUHeHTH XOMMA HW yeJIbHOe B/IEKTPOCONpo- 
THBJIeHHe. 

KosdhoutnenTn Xoa U3MepAJIHCb Ha NOCTOAHHOM TOKe B MarHHTHOM 
lowe Hamps»KeHHocTbIo 6000 apcrT., yeJIbHOe dJIEKTPOCOMNpOTHBJIeHHe— MeTO- 
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Puc. 1. Bauanne Temnmepatypbl O6padorKH 
Ha KoaddpunneHT Xousa 


JOM pa3jevleHHbIX 3/eKTpogoB. PesyibTaTbl HccefOBaHHA MpPHBeeHbI Ha 


Vicars 
; Kak BHHO M3 pHCyHKa, JA UCCJIeyeMbIX OOpa3ll0OB MaKCHMaJIbHoe 3Haye- 
HMe P-IPOBOMMOCTH COOTBeETCTByeT TeMMepatypam oOpa6oTKH 2200°. C jab- 
HeHUIMM POCTOM TeMMepaTypbl HaOwOqaeTcaA NaeHHe Koop puunenta Xovvia. 
IIpu 3TOM BO3MOXKHbI CJly4¥a MOBTOPHOFO H3MeHEHHA 3HaKa IIPOBOMMOCTH, OT- 
mMeyenHoro Kununubio (°) (tyHKTHpHad YaCTb KPMBOH), H yCTAaHOBJICHHbIH HAMM 
3KCIe€PHMeHTAJIbHbIM (aKT COXPAHEHHA NOJIOXKUTeMbHOM MPOBOAMMOCTH B MaTe- 


pHase. OTO ToceqHee OOCTOATEJIBCTBO . 


cn MO2KeT ObITb, 10 HallieMy MHEHH1, OObAC- 
30r HeHO AKIelTOPHbIM JelicTBHeM CTOHKUX 

[ yIJIepOLHbIX OKHCJIOB, OOpasylOulHxca 
20 IPH OXJIaKeHHH MaTepHasia MocJIe ero 


COOTBETCTBYIOLMNeH TepMHYeCKOH OOpaoorT- 
KM, H COXpaHeHHem jlo paccMaTpHBae 
MBIX TeMNepaTyp AKIeMTOPHBIX IIpHMe- 
ce B rpadute. CueqyerT OroBopHTEcas, 
YTO 3Ha¥eHHA KOIpPpulneHTa Xowa, u3- 
MepeHHble IPH KOMHATHBIX TeMIlepaTy- 
pax, MOryT He COOTBETCTBOBATb BeJIMYH- 
HaM, MOJLYYe€HHbIM IIpH BbICOKHX Temie- 
patypax. B cBxa3H c STHM HeOOxosuMa 
MOCTaHOBKa CllelWMaIbHOrO HCCJIeqOBa- 
A HHA H3MeHeHHA KOSpuUMeHTAa Xoa B 
Puc. 2. KonnenTpaluA HOcHTeJel B OONaCcTH HHTepBasie TeMIepatyp oOpa6oTKu Ma- 
p — n-vepexojla 
TepHasa. 

B wWesAx co3aHid p — n-lepexoja Oblula MpHMeHeHa JByXcTayMiHad Tep- 
MHYeCcKad OOpaboTKa pH ABYX pa3JIMUHbIX TeMMepaTypax. 

O6pasopaHHe p — n-llepexoja 0 ceYyeHHIO WIM NO AwMHe OOpa3ila JocTu- 
raJlOCb IyTeM U3MeHeHUA pexUMAa HM ycOBHH OOpadoTKH. Hannune p—n-nepe- 
XOJja B OJHOM CTepxKHe IIpoBepAJIOCb 10 H3- cee 
MeHeHHIO KOSpPULHeHTa XoMMa C MOMOLLbIO 
TIepeMeMLaIOWUXCA HII, 3aKpeNJICHHEIX Ha 
IIPpHCHOCOOJIeHHH C MHKPOMeTpHyecKoN M0- 
nase. Ilo nosyueHupim Kosdpumuentam 
Xoua BbIYHCIANHCb KOHICHTpalluu HO- 
‘cHTeeH NO wWHHe oO6pad6aTEIBaemMoro 
o6pasna. Pe3yJibTaTbl MpHBeleHbl Ha 
puc. 2. 

Bpwi0 yCTaHOBJIeHO, YTO WIMpuHa p — 
n-Tepexoa ONpeAesIAeTCA pexXHMOM H yc- 
JIOBUAMM TepMHYeCKOH OOpacoTKH. 

OHHM M3 MepBbIX MpHOMKeHHM MOJy- 
YeHHEIX Pe3YJIbTATOB ABMACTCH BOSMOK- p, 3 yswenenne RE Oe 
HOCTh MoyueHUA stpeKTHBHBIX TepMosJe- rpapuToBbix TepMonap c MHTepBalaMH 
MeHTOB (6e3 clad) M3 yrulerpaduTOBHIX usmepexnuii:a—O—1600°; 6—1000—2800° 
CTepxkHeH C P— n-lepexoJoM B HHX. B xKa- 
yYeCTBe HIJIOCTpallMu STOO Ha puc. 3 NOKa3aH XO TepMO- 9. J.C. y UBYX TH- 
T1OB TepMONap, H3POTOBJICHHbIX H3 9JICMCHTHBIX yrviei JMaMeTpomM 6 MM ¥ JIn- 
HoH 800 MM c p — n-lepexoyoM, pacmovlo%KeHHbIM B CepeyuHe no AHHe 06- 
pasira. 

TlouyueHHple JaHHble CBUeTeIbCTBYIOT O WIMPOKHX BO3MO2KHOCTAX HCHOWIb- 
3OBaHHA yrulerpapuTOBbIX TepMO9/ICMeHTOB B KaueCTBe BbICOKOTeMMepaTy PpHbIX 
TepMomap. 

YMeCTHO OTMeTHTb 3HAaUNTeIbHO Coulee BbICOKHe 3HAYeHUA TepMO-9. J. C., 
Pa3BHBaeMbIe B ONMCbIBAeMOM CJlydae TIO CpaBHeHHIO C rpadutTo-rpadutToBoli co- 
‘CTaBHOH TepMomapol, OTHOCHTeMbHO CJIOxKHOH MO CBOeMy KOHCTpyKTHBHOMY 
oopMileHHI0, Ipeqoxennot YO6enoxe c cotp. (1°). 
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Brl6op TeMMepaTyp NepBolt H BTOpoOH cTasuH oOpaOoTKH onpesesseTcA He 
TOJIbKO MAKCHMAJIbHO pa3BUBaeMbIMU 3HAUeCHHAMH TepMO-9. J. C., HO H TpeOyeMbI- 
MU padounMH TeMnepatTypamMyv TepMog/IeMeHTA. 


Tloctynua0 
9 XI 1960 
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Jloxaxage AkawleMu Hayk C.GOGE 
1961. Tom 137, Ni 4 


TFEO®H3HKA 


A. MW. KY3bMHH, Lf. ®. KPbIMCKUH, L. B. WA®EP u PO. PF. HIA®EP 


BCIbIMIKH KOCMHYUECKHX JIYUEM 12—15 HOABPA 1960 r. 
(ITpedcmaeaeno axademuxom M. A. Jlaepenmoesoim 16 XII 1960) 


12—17 nos6pa 1960 r. ycTaHoBKaMH HeIIPepbIBHbIX HaOJNOJeHHM MHTeHCHB- 
HOCTH KOCMMUeCKHX JLyueli B AkyTcKe (reomarHuTHaa wWupota 51°C) (?) 3ape- 
THCTPHpOBaH PH HeEOObI4HEIX COOLITHH, CBA3SAHHBIM C ABJICHHAMH Ha CoJIHIle. 

Ha puc. | mpeqctaBnenbl JByX4¥acoBble 3HaYCHHA HHTEHCHBHOCTH HeHTPOHHOK 
Wi 2KeCTKOM KOMIMOHEHT KOcMHYeCKHX sTy4er c 10 no 20 XI 1960 r., ucnpaBmenube 
Ha OapomMetTpuueckul adexT. B sToT nepHod B HeMTPpOHHOH KOMMOHeHTe HaOJI0- 
anucb TpH OovIbve BCIIbINKH (cM. puc. 2). MomMeHTbI Hadasia H MaKCHMyMa H 
BeJIMUHHA BCIBILIKH OLe€HHBasIMCb 10 15-MHHYTHbIM 3Ha4eHHSAM. 

PesKoe yBeJIM4eHHe HHTCHCHBHOCTH Hayaiocb 12 XI B13 "ac. 45 MMH. MH- 
posporo Bpemenu (1345 UT) uw copnano c Ha¥aJIOM O¥eHb OoubIIOH MarHHTHOW 
6ypu (1348 UT). WxtTencusuocts B 1630 UT yocTurna MakcuMaJIbHOrO 3Ha4e- 
HMA, MpeBbilalollero HOPMAJIbHLIM ypoBeHb Ha 65%. Sroi BcMbKe mpesuect- 
BOBaO WaBHOe YBeJIMYeHHe MHTeHCMBHOCTH Jo 10%. 

B 1815 UT nauanocb BTopoe BO3pacTaHHe B KOCMM4eCKHX sJyuax, OcTHr- 
uiee Makcumyma B 2000 UT. YxsennueHve MHTCHCHBHOCTH B MaKCHMyMe COCTA- 
puso 100%. O6a Bo3pacTaHHA COMpoBOKAaIUCh NOMHbIM NOFMOMleHHeM payno- 
BOJIH B HoHOCdepe Hal AKkyTCKoM. 

O JHOBpeMeHHO C Ha¥aJIOM BTOPOTO YBeJIMYeHHA BCeMH PerHCTpaTopamu 2xeCcT- 
KOH KOMNOHCHTbI KOCMHYeCKHX JIyyeH OTMe¥eHO MaweHue Tuma Dop6yumia. Coor- 
HOWeHHe BeIHYHH SPeKTOB B HEHTPOHHOM HM xKeCTKOM KOMMOHeEHTAX B MOMCHT 
MaKCHMyMa TepBOH BCIIbIMIKH NOKa3bIBaeT, 4TO eCIM SHeEPpreTHUeCKHH CIeKTP 
JOMOJHUTeIbHOTO MOTOKa KOCMHYeCCKHX YaCTHIL MpeCTaBUTb B Bue 


6D (e) ~ e-%, (1) 
TOC eea yee 


OuepreTuvecKH CieKTp NOHWKeHUA COBNaqaeT Co CpeHHM CHeKTpOM 930)- 
(ekTos Tuna Pop6yma H yAOBMeTBOPHTeIbHO ONVcLIBaeTCA BEIPAKeHHeM 


(1, ecuIH &€ < &,/4; 

5D 2 : 

- oO =—f = are sin (e,/2e—1), ecnu e,/4<e < e,/2; (2) 
(0, ecm & > e,/2. 


Tye €¢; = 130-170 Bsp. 


Kak Buquo u3 puc. 1, B 9—10 wac. UT 13 XI wauanocp BTOPOe MOHMKeHHE 
MHTCHCHBHOCTH 2K€CTKOM KOMIMOHEHTbI KOCMH4eCKHX Jyyell Cc SHepreTHuecKHM 
ornate Buna (2). C 14 no 17 XI na6mozanucn BO3MYILCHHO-CYTOUHbIe BapHa: 

TpetTba BenblikKa KocMMYeCKHX s1y4eli Hayanach 15 XI B 0245 UT u COIpo- 
Bow alach sdpdekTom Jenmuunxepa. B 4 uwaca UT B MaKCHMYyMe__ BCIIBILIK? 
YBCNHIeCHHe MHTCHCHBHOCTH cocTaBiasio ~ 40%. B nepwog cnaya BCMBINIKY 


B 1240 UT 3B crtpatoctbepe orMeyeHo MOBbIIeHHe MHTeHCHBHOCTH Ha 50-45%, 
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| Bpemaz mupoboe 
6 7218) 6 12 18 61218, 6 12186 1218 
i : Oe he ee) 
10 1 12 13 14 15 16 17 18 19 20 XL 


Puc. 1. JIpyxuacopbie 83HaxeHHA HHTeHCHBHOCTH KOCMHYCCKUX nyueli m0 qaHHbiIM AkKyTCKorO KoMMseKca 

ycTaHosok 3a nepuog 10—12 XI_ 1960 r. H. M.— ueiitponupiii monutop; I,, I, — HouusalHoHHble 

kKamepbt C-2 u ACK-1; T(B), T* (ZO) u T*® (C) — caeTYHKOBbIe TeNeCKOMIEL, HampaBsieHHble BEPTHKAJIbHO 

uw 0g, yruom 30° K seHUTY C 10ra H CeBepa COOTBETCTBEHHO (uuxKHHe uHZeKcHI 0, 7, 20 u 60 o603HauaioT 

rmyOuuy perucTpalluH B MeTpax BOJHOTO 9KBUBaNeHTa). CnpaBa Haz cooTBeTCTBylOollweH KpHBOM NokasaHa 

qByx4acoBan cTaTHCTM4ecKad oOlWMOKa mpHOoopa. TlyHKTHPHbIMH JIMHHAMH OTMCYCHEI Hayao H KOHEI 
MarHuTHOH Oypu 


OrHomtenve addexra B cTpatoctbepe K adiekTy B HeliTpoOHHOLi KOMMOHeHTe 
B 9TOT MOMEHT CoracyeTCa CO CIeKTPOM JONOJIHUTeIbHOFO NoTOKa bD(e) ~e~*. 

Copnafenue Hava] MarHuTHOM Oypu WM NepBoOli BCMBIMKH KOCMMUeCKUxX JLy- 
uel YKa3bIBaeT Ha TO, UTO BbISBABIIMe BCMbIMKY YaCTHIUbI ObIIH MpHHeCeHEI KOp- 


15 XT 


5pema mupoboe 


perucrpauuu B AkyrceKe 


14 
H MO JaHHbIM 


Hayao MarnuTuol 6ypii 


CKHX JLyye 


6 


wo 


MW JHHHCH OTMe4YeHO 


we 


HTpOHHOH KOMIIOHEHTbI KOCMH4e 


wo 


140—15 XI 1960 r. Iynxrapxo 


Puce. 2. Uacospie 3HayeHHA HHTCHCHBHOCTH He 


HYCKYJIAPHBIM TIOTOKOM, OTBETCTBEHHEIM 34 MarHUTHY10 Oypro. HeGouputoe yBe- 
JHNCHHe Tepe NepBOH BCMbINKOH, M0-BAHMOMY, ObIIO BLI3BAaHO “aCTHaMH 
KOCMMYCCKUX JIy4eH, HCMYWeHHEIMH 43 ComHia pH BbIOpoce KOpMycKyJIApHOrO 
moToKa. CKopocTb noToKa, onmpesesennan m0 BPeMeHM 3ala3qbiBaHHA Hayaa 
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MarHHTHOH OypH OTHOCHTeJIbHO MOBbILeHHA HHTCHCHBHOCTH KOCMHYeCKHX JIy- 
yeli, paBHa ~3-108 cm/cex. 

Ec.IM CuNTaTb, TO MOHMKeHNe THNa Dopbyula BEISBaHO peryJIApHbIM Mar- 
HATHBIM NOJIEM, BMOPO?KeHHBIM B IOTOK, TO M3 3ana3sblBaHuKd aspdekta Dopbyuia 
OTHOCHTeJIbHO Haudala MarHHTHOM OypH (~5) ac.) MOXKHO 3aKJIOUNTb, UTO Mar- 
HUTHOe Mose B NepesHeli YACTH NOTOKA ObIJIO B 3HAUMTebHOM CTelneHH Hepery- 
JIAPHBIM. Bo3MOxKHO, MOTHOCTb SHEPrHH KOCMMYeCKUX YaCTHIL B STO “ACTH 
‘MOTOKAa Oblia CpaBHUMa C MVJIOTHOCTbIO MarHUTHOM JHEP B HeM, YTO MpHBeO 
-K TypOysIM3alHH MarHHTHOrO MOA. 

Ha60jjaemoe nNoHuxKeHWe HHTCHCHBHOCTH KOCMM4eECKHX JIy¥elt cormacyerca 
C HallpA2KeHHOCTHIO MAFHUTHOFO NOwIA BoTOKe (3-5) -10°-° re mpu yraoBort mu- 
pHue noTtoKa 40-—70°. 

Bropoe noHuxKeHve Tuna Dop6yia B *KeCTKOM KOMMOHeHTe UM pesKH Mepe- 
JIOM Ha Ciiajle BCHBINKH OOYCJIOBJeHbI NonaqaHHeM SeMJIM BO BTOpO kKopmyc- 
KYJAPHBIM MOTOK, HECyULMH peryJIApHoe MarHHTHOe Nove Takoro *e MopAKa 

_ BeJIMUHHBI, KaK HM B MepBOM MoTOKe. OTHOCHTEJIbHO MaJlax BeJIMYHHA BTOPOFO TIO- 

_ HWKCHHA HHTCHCHBHOCTH 2KeCTKOM KOMMOHEHTH! Ha MOBepXHOCTH SemMsIM M OTCYT- 
CTBHe MOHW2KeCHHA B HEHTPOHHOH KOMMOHEHTe, NO-BHJMMOMY, CBA3AHbI C HaJIH- 
4HeM B MOTOKe YCKOPeHHBIX YaCTHIL. 

Yuet pacxo*KJeHHA BeMUMHbI NOHWKEHHA B YKeCTKOM HU HeHTPOHHOIi KOMIO- 
HeHTAaX C OXKHJaemoli no (2) JaeT NOKAa3aTe/b CTeNeHH B CrekTpe (1) 3axBaveHHbIX 
4aCTHI, BO BTOPOM NoToKe @ = 45. 

AmIIuTya HW BpeMA MaKCHMYM@ BO3MYIJe€HHO-CYTOUHBIX BapHalult coria- 

_cyloT¢s co cKopocTh1O noToKa ~3- 10% cm/cek 4 HalipaBJIieHHeM MarHUTHOTO NoWIA 
BIOTOKe, aHTHNAapaJIebHbIM MOJO 3eMHOTO AMMONIA. Ec mo Hal eHHOH Bev - 
YHHE CKOPOCTH OMpeeJIMTb MOMEHT BbIOpoca NOTOKAa 43 CoJIHa, TO STOT MOMCHT 
coBlayaeT C HaYaJIOM BTOPOH BCIbIMIKH. ITO FOBOPHT O TOM, 4TO BEIOPOC NOTOKA, 
10-BH,MMOMy, OOYCJIOBJICH COJIHCUHbIMH KOCMHYeCKUMH JTy4amH (*), YaCTb KOTO- 
pbIX CO3JaJla BCMbILIKY Ha SeMJIIO, a UaCTb OblJIa 3axBayeHa TloTOKOM. [Ipu stom 
ObIIM 3AXBaYeHbI YACTHIUBI BIVIOTh JO 9Hepruu ~7 Bos. Jia csoOosHoro nomala- 
HHA YaCTHI BTOPOH BCIbIMIKH Ha SemJI0 HeOOXOANMO, TOOL HallpaBJieHve Mar- 
HUTHOFO TOJIA MepBoro MoTOKa CoBMasado C OCbIO MOTOKA. 

Boubulan MpOMOMKUTeIbHOCTh MarHHTHOH OypH (~5 cyToK) HM HaJMuHe He- 
CKOJIbKHX AKTHBHBIX MepHOAOB, OAMH H3 KOTOPbIX HayaJICA Yepes ~20 ac. MOC- 
Jie TpeTbeli BCMbIMIKH, yKa3bIBaeT Ha TO, YTO OJHOBPeMeHHO C STOH BCIIBILIKOK 
ObIJI HCMYUeH elle OJMH KOPINYCKyJIAPHbIM MOTOK. 

CBa3b BCIBIMeK C KOPNYCKYJIAPHBIMA NOTOKAMH CBHAeTeJIbCTBYeT B MOJIb3y 
MeXaHH3Ma BbIOpoca NOTOKOB JlaBJIeEHHeM COJIHEUHBIX KOCMHUYECKHX Jyyel. 


Jla6opatopua dusnHuecKHxX mpo6Jlem Tloctymuso 
Skytckoro (busiMasa 13 XII 1960 
Cu6upeKoro orgesenua AKayemuH HayK CCCP 


UMTMPOBAHHAA JIMTEPATYPA 


170.1. UWladbep, Usp. Cu6upcx. orga. AH CCCP, N 8 (1958). ? JI. WH. op- 
Mau, BapwauHu KocmHueckux syuelt M., 1957. 3 JI. VU. Lopmaun, Tp.-Mexzynaposn. 
KOH®ep. MO KOcMu4¥eCKMM Jly4aMm, 8, PaquayHoHHblt noac SeMuM, MepBuunoe KocMH4ecKoe: 

“uaslyueHue, ero cBolicTBa H npoHcxoxyenue, 3a. AH CCCP, 1960, crp. 87. 
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Jloxnangn Anragemuun nayrx CCCP 
1961. Tom 137, Ne 4 


TPEO@H3SHKA 


Axayemux B. B. LIYJIEAKHH 


HEKOTOPbIE OCOBEHHOCTH BEKOBbIX H3MEHEHMM 
MAPFHHTHOrO NOJIA HA OKEAHOM 


BekoBbie W3M€H€HHA SeCMHOFO MaFHHTHOTO MOI XOPOWIO MpocsexKUBaIOTCA 
Ha MaTepHalaX, KaCalolMXCH MarHUTHOFO CKJIOHCHUA: STOT SIeMeHT TOA H3- 
jlaBHa H3Y4aJICA He TOJIbKO HCCJIeAOBaTeJIAMH Ha OOCepBaTOpHAX, HO H MpakTH- 
KaMU-MOpAKaMH BO BPeMA MHOFOUNCJIeEHHEIX JaJIbHUX TwaBaHul. Ha puc. | 
TIPeCTAaBJIeHbl Pe3yJIbTaTbI U3MepeHHH MAaFrHHTHOFO CKJIOHEHMA B Toposax, rye 


1600 


. \1700 1800 19002. 
N 


~10 


-20 


Puc. 1 


OHH OpiiH HayaTEI c XVI Beka: B Jlongoue (/), B [lapuxe (2) u B Pune (8). Jfa- 
oe He pHOerad K TapMOHHYeCKOMY aHaJIM3y JTHX KPHBbIX, JlerKO BUJeTb, 4TO 
OHM HpeLcTaBJIAIOT COGOH MOUTH MpaBHJIbHble CHHYCOMAbI C AoOaBeHHeM C1a60 
BbIPaxKeHHOH BTOPOH TapMOHHKH. OTYeTJIMBO BHAHO, UTO BO BCeX Tpex Toposax 
rapMoHHuecKoe KoOJIeOaHHe HaJlarasioCb Ha MOCTOAHHYIO COCTABJIAIOWLYy!0, KOTO- 
pasa paBya B Jlonqone —6,6° , B Ilapwxxe —6,0° u B Pume —2,8°. 

B ycJIOBHAX OK€aHCKHX TlvlaBaHu, MOHATHO, He MOPJIM MpOBOAMTLCA B IIpo- 
jloJbKeHHe 4 CTOJIeTHH TakHe Ke TWlaTeJIbHble H3MepeHHA, KAK Ha OeperoBblX OO- 
cepBaTopuax. Tem He Menee, 1. Onemuury ylasocb coOpaTb BeCbMa OOWIMpHbI 
MaTepHall U3MepeHuH B ATsaHTHueckom H MuyuvicKkoM okeaHax, 4aCTHYHO Ha 
Matepukax Exsponp, Adpuku, Asuu, AMepuku (HauMHad C JaHHbIxX BaH-bemMe- 
JieHa Tio siioxe 1500 r.) M nocTpouTb AuarpammMy pacnpedeieHHA MarHUTHOLO 
CKJIOHCHHA Ha wupoTax 40° N, 0 u 40° S (?). 

Onupascb Ha STy AHarpaMMy, Mbl MOCTPOWIH KpHBbIe M3MeHeHHH MarHUTHO- 
TO CKJIOHCHUA B Pa3sJIMYHbIX TOUKAX, Yepe3 Kak ple 15° AoroTbl, Ha 9KBATOPe U 
Ha JIByX llapaJJiesIAX, OTCTOAMIHX OT Hero Ha 40° (cM. puc. 2). 

Kpuepie cepnu tua 40° N xora He CTOuIb ruiayqKve, Kak Ha puc. 1, Bce xe 
OUeHb HaNOMHMHAaIOT MX. B yacTHOCTH, BCe OHM HaJlaraloTCA Ha MOCTOAHHBIe CO- 
CTABJIAIONIMe, OTMEYCHHbIe WYHKTHPOM; IIpH S9TOM BeJIMYMHAa MOCTOAHHOM COCTaB- 
Asiollel CiepBa BOspacTaeT, MpOXOAUT Yepe3s MAKCHMYM UM 3aTeM yMeHbIllaeTCA 
K BOCTOUHOMY Kpalo cepuu. Kpusple cepuu Jia 0° (9kKBaTOpHaJIbHOH) W CepHu AIA 
40° S, Kak IpaBUJIO, He MOSBOAAIOT CYAUTb 06 SKCTPeMAJIbHBIX 3HAYCHHAX CKJIO- 
HeHUA. ONeCh MOXKHO OTMETHT JIMUIb NpPeebHble 3Ha4eHMA 3aNaHOroO Ul BOCTOU- 
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{oro 2KsIoHeHusA c 1600 go 1937 r. u cpeqHne 3Ha4eHUA ero 3a STOT GOAbIOL Mpo- 
fexKYTOK BpeMeHH. 

_ CoOpanve KpuBbIX — Ha TlepBbIt B3TIA, Mectpoe — mpuobperaeT onpeye- 
ICHHbIM HM BaxKHbIM CMbICJ MOCJe MepeHOCa BCeX MOJIyYeHHBIX JaHHbIX Ha’CxeMa- 
puecKylIo KapTy (puc. 3). MepKa- 
POpCKasA MpOeKUMA aeT BO3MOXKHOCTH 
ICMOJIb3OBaTb TapaviesM KaK OCH 
1OCILUCC, OTKAIbIBat 3HaYeHHA Op- 
{HHaT M10 HallpaBJIeHvIo Mepyvua- 
ioB. Ha ocHoBaHHu cepHH KpHBbIx 
wia 40° N puc. 2 moctpoena Kpu- 


3as1 C OCbIO 4OCILMCC BAOb Tapasue- (Re lo LEN 
tm 40° N. 3Hauenus noctosHHoli co- | 
TAaBIAIOMeH (OTPHLaTeIbHOH — 3a- 

1aJHOW) OTJIOMKEHbI BHH3 OT OCH ac- 0 15E 
copaHa. Kak BHM, MOocTOAHHaA 


‘OCTaBJIAIOULat OUeCHb MaJlia Ha Ma- Vi Ta aX 
repukax Esponpi, Asnu, Amepuku, Be IL ES LL ali 
;ATO OHA Ppe3KO BO3pactaeT Ha ATMaH- 
M4YeCKOM OKeaHe, JOCTHTad mpumep- 

40S I5E ot 
10 —16° Ha Mepuyinane 45° W. : ae 


30W IS W 


3OE 


uce. I]nomayqb MexkKy movly4yeHHor 
<PHBOH HW oOCbIO aOcilucc 3alliTpu- 


Jia Tou“eK 9KBaTOpa H Mlapauue- 
m™ 40° S, omupascb Ha cooTBeTcT- 
3VIOLWNHe OCH aOCIlHCCc, MOCTpOeHbI 
TIJIOWIHbIe YXAPHbIe KPHBble, KOTO- Dae? 
ybIE OMHCHIBAIOT H3MeHEHHA CpeLHero 
sHAYCHHA CKJIOHCHHA Ha, pa3JIMUHbIX 
jourotax. XOTb H He CTOJb pe3KO, Kak Ha wapadientu 40° N, ryt cKas3bi- 
3aeTCA pasJIH4YHe Mer*KLy MOJIEM MaTepHKOBbIM HM TIOJIEM OKeaHCKUM: yObIBaHHe 
pefHerO CKJIOHEHHA OJIH3 «MaTepHKOBOTO» MepHAMaHa 32° E nmpospusocb He 
fOJIbKO Ha 9KBAaTOPe, HelocpeAcTBeHHO Hay ActbpukKoH, HO CJlerKa JlaxKe Ha Ma- 
Jannenu 40° S, kiory oT MaTepuka. SBHO BbIparxKeH BTOPHUHbIi MaKCHMyM 
pedHero CKJIOHEHUA Ha MepHuane 60° E 8B MuaulicKkom oKeaue. 

Ha puc. 3 MYHKTHpOM HaHeCeHbI TPH KPHBble, KOTOPble NOKA3bIBAalOT, KaK 
MCHAIOTCA AMIVIHTYIbI KOJeOaHHH CKJIOHEHHA Ha pa3sJIMUHbIX Jourotax. AMIVJIN- 
‘yIbI TOKE MaJIbl HA MATePpHKaX HM pe3KO BO3pacTaloT B ATIaHTHYeCKOM OKeaHe, 
6alaioT BTOPHYHbIM MakKCHMymMom B MujMickoM oKeaHe. Bo u30exKanHve 
ielopasyMeHHH MAKCHMYMbI MH MHHMMYMbI BC€X ITYHKTHPHbIX KPMBbIX NIPpHBsA3a- 
bl IITPHX-IMYHKTHPHbIMH OTPe3KaMH K COOTBETCTBYIOWHM OCAM aOcIHCc. 

Urak, Haj, OKeaHOM BeJIHKH He TOJIbKO 3HAYeHHA MOCTOAHHOH COCTaBJIAIONLeH 
MarHHTHOTO CKJIOHEHHA (HJIM CpeHve 3Ha4eHHA), HO HW BeJIMYHHbI aMMVIUTyA 
3€KOBbIX H3MeHEHHH. BHoBb NOAKpelIAeTCA Halla runoTesa O pelaroulen pow 
MH pOBOFO OKeaHa B POPMUPOBAaHNH 3eMHOPO MarHUTHOrO Hos (7-4). Tlocue usme- 
CHUM M perucTpalluli TeMypHuecKHX TOKOB B OKeaHe (°,°) NOABHJIMCb OCHOBa- 
{UA IIPHMMCbIBATh HM CO3aHHe TOPH3OHTAIbHOM COCTABJIAIOULeH HallpA*KeHHO- 
‘TH TeOMAPHHTHOFO TOJIs. 

B 1959 r. nenocpescTBeHHbIe H3MepeHuA MaPHUTHOFO CKJIOHeEHHA Ha PryOH- 
jax okouo 2000 m B ATmaHTHueckoM oKeaue (‘) MO3BOJIHJIM HaM CUHTATb, UTO HE 
weHee 1/, INMpOTHOH CocTaBJIAlOULeH TeOMarHUTHOMO NOAA Ha 9KBAaTOpPe, Nocpedu- 
qé¢ Mexky Geperamu AdpuKu u lOxHoH AMepukH, 0043aHO CBOHM IIpOncxox*K]e- 
iMeM Te ypH4ecKUM TOKaM, HallpaBJICHHbIM lO MepHlMaHy, C CeBepa Ha tr. 

Ilo HacTOAILero BpeMeHH HeEH3BeCTHbI He TOJIbKO MPpOHCXO*K ene OCTAJbHbIX 
‘/, IMMpOTHOM COCTaBJIAIOMLeH, HOM NpHpoa CaMUX TeJIJTypH4eCKHX TOKOB B OKea- 
He, OOpasylOllux CBoero polka BUXpH BOKpyr MaTepHKoB (*). BosMoxHO, 4TO OT- 
3eT H Ha MepBbIi H Ha BTOPOHM BOMPOC KpoeTCA BO BSAMMOJeHCTBHAX Mexy 3eM- 
dbIM MaPHUTHbIM MOJIeM, OCb KOTOPOro OMNCLIBAaeT KOHYC BOKPyr Teorpaduyec- 
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Koli oc SeMJIM, M Maa3Moi, oKpyxKatomleli nianeTy. EcTb TakxKe OCHOBaHH 
oKUaTb, YTO 5Ta (PyHAaMeHTa/IbHaA NpoOsema TeocUsuk OKaKeTCA paspelll 
Moli noce Toro, Kak 9. Bymuap MpousBeseT pacueTbl, CBASAHHbIC C eFO FHMOT 
30/1 0 NpOHCXO*KAeHHM OCHOBHOFO TeOMarHUTHOMO NOVA (8). Ilo mpeanosomenu 
9TOro aBTOpa, TaK Ke Kak H No pavee BbICKa3aHHbIM MpeANONOKEHK AM A.U.Ppe 
Kesa (°), MO TReEpALOH KOpOH Sem MpOMCXOAMT MOMHAaA KOHBEKIMMA B TOJICTO 
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Cyloe pacilaBJIeHHOTO BelllecTBa. Ona BbIsBaHa pasOrpeBaHHeM HM3HYTPH OA ek 
CTBHeM pacraaiouluxcd palWOaKTHBHEIX SJleMeHTOB. Hauune KOpMOJIHCOBBI 
CHJI IIpHBOJUT K TOMY, 4TO YIJIOBaA CKOPOCTb BpalleHHA paciaBJIeEHHbIX Mac 
BOKPpyr OCH SemJIM pacTeT MO Mepe yAaJIeHuA OT KOPbI K WeHTPaJIbHOMY TBepJOM 
aAipy Semi. 3a cueT 3TorO B paciaBeHHOM BelllecTBe, OONalaouleM 3Haul 
TEJIbHOH SJICEKTPOMPOBOMHOCThIO, BO3HUKaeT ac:ppekT CBoero poda CaMOBO3OyXK TE 
OW,eH JWHAMOMA@LUMHbI, H TEM CaMbIM CO3aeTCA 3eEMHOe MAarHHTHOEe Move. 

KagecTBeHHoe HCCIeOBaHHe 3JICKTPOMATHATHBIX Nose By aapy mpoussc 
AMT, MCKJNOUHB U3 CHCTeMbl ypaBHeHul MaxkcBeaua (Jia JBYKyulelcaA cpeyE 
BeEKTOP HallpAXKCHHOCTH SJIeKTpHYecKOoro Moa E vw noJyaHB TaKHMM OOpasom 0} 
HO ypaBHeHHe B BEKTOPHOH chopme 

V?H = 46 (rot [v<H]). 
Secb H — HallpAKCHHOCTh MAFHHTHOTO TIOJIA; O — 3JIEKTPONPOBOHOCTh, HU: 
MepeHHad B SJIEKTPOMa@rHUTHBIX CAMHUWaX; V — JIMHeHHaA CKOPOCTb JBYXKeHH 
paciiJlaBJIeHHOrO BelllecTBa. 

Tak Kak TBepjad Kopa Seman o6nasaeT HeKOTOpOl (He3HAaYHTebHO! 
SJEKTPOMPOBOLHOCTHIO, TO 3JIEKTPOMAFHHTHOe TOJIe KOHBEKTHBHbIX s¥eeK Ct 
3aeT B Heli CaObili TOK M TeM CaMBIM CJlerKa TOPMO3HT JBHKeHHe MOrpanHtHE 
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aCIlaBJIEHHbIX MaCC BOKPyI 3€MHOH OCH; BOSHHKaeT HX peli) c BOCTOKa Ha 
‘saman. MMenxo stot Apel) BbIsbIBAaeT BEKOBbIC HSMCHCHUA MAPHUTHOFO CKJIOHe- 
‘HUA No TuNy puc. | vu anaorMuHEl Apel u3s0rou C BOCTOKa Ha Balla, yrioBasi 
‘CKOPOCTh KOTOpOrO, Kak H3BeCTHO, JocTuraeT 0,3° B rojg. 
_  B csoux padorax Bynapy cuntaeT npocto 3ayaHHbiM MM He HyKaouluMcsA 
B OODACHeHHM CIBHT MaPHUTHOH OCH SeMJIM OTHOCHTebHO ee OCH Bpalllenus, 
B 9TOM CjlaOad CTOpoHa ero HHTepeCHbIX NocTpoenul. JlelicTBuTeIbHO, Belb 
TMaseoMarHeTOJIOrH, CUHTaIOUMe NOOKeHHe MArHUTHO! OCH B ApeBHelimMe sT0- 
‘XH Ppe3KO MlepeMeCHHBIM, e€CTeECTBEHHO MIPHXOAT HbIHe K MbICJIH O TOM, UTO B IIpo- 
‘WouwKenve ApeBueli UCTOpuu Semin rupocKonuYeckuH sdcpeKT ynopsAOWN BUX- 
peBble JBWKeHHA B PacaBeCHHOM BelllecTBe MOA KOpOH, IpuBeA ero K COBpe- 
‘MeHHOMY cocTosHHiI0. Ho Heo6xXoHMO IIpH3HaTb, ITO MarHHTHad ocb Semin 
OKA OblJia pH STOM COBMaCTb C OCbIO BpallleHuaA ManeTs!. Ha camom jlevie 
CopnaqeHHsl oceH He NPOMSOLIJIO, HM 3a MoceqHHe TpH BeKa yroJI MexKly oCAMH 
Wake YBesuuHICsA. 
» Mexyy Tem, JoKyMeHTaJIbHble MaTepHaJbl, MOCJYXHBIUINe Ta CocTaBeHHA 
‘Hammux puc. 1—3, nosBoAIOT CoueTaTh pescTaBeHHe O LpetitpyioulHx KOHBeK- 
MMHOHHBIX AuelKax Byapya u MpelcTaBsleHue O eCTeCTBEHHOM OCHOBHOM Teo- 
MarHHTHOM TloJle, OCb KOTOporo CoBMafaeT C TreorpadHyeckoH ocbio Semun. 
‘Takoe co¥eTaHlie He TOJIbKO BO3MOXKHO, HO H UpesBbl4aitHo adcpeKTUBHO: OHO T10- 
HOBOMY OCBelilaeT oco6y10 powib Muposoro oKeana. 
O6 STOM TOBOpAT BecbMa Mpoctble paccy*k Teun: 
1, Ecam 9SmeKTpoMarHHTHoe Nose «Buxpeli» Byaiapfa B3anMoselicTByeT 
CO CaOONpOBOAAeH TBepLOH OGOOUKOK SeMJIN, BISLIBAA Wpeli) KOHBeKILMOH- 
HbIX A¥eeK, TO TEM OoOsIee HEOOXOAMMO O%KULAaTb B3AMMONCHCTBUA STOTO JIEKTPO- 
MarHUTHOrO MOJIA C XOPOWIO MpOBOAALeH cpeqoH oKeaHHMyeCKUX BOI. 

2. Kora sueiku MpoXxoLAT Mod, OKeaHOM, OHM BbI3bIBAIOT YCHJICHHbIe KoJIe- 
OaHHA WHPOTHOM COCTaBJIAOMeH HaNpAXKeHHOCTH NOJIA WM KOWeOaHHA MarHuT- 
HOFO CKJIOHCHHA 3HAYHTeIbHO Oovlee pe3kHe, 4EM KOra Te Ke AYEHKU MPOXOAAT 
lof, MaTepukamu. OO sToM yOeUTebHO CBHAETEIbCTBYIOT I'YHKTHPHble KpHBbIe 
Ha KapTe pvc. 3. OHH KOCBeHHO NOATBepKAaOT HaHuNe B3aMMOJeHCTBHH 
5JIEKTPOMAPHUTHOPO TOJIA AYeeK C TIPOBOAAMeH BOAHOH Cpesol. B momHOM co- 
OTBETCTBHH C puC. 3 HaXOAATCH M Tp KpuBble Ha puc. |: YeM OMe K OKeaHy pac- 
TlouloweHa OOCepBaTopua, TeM OoJiblliie H3MepeHHaA NOCTOAHHAA COCTAaBJIAIONLAA 
MarHUTHOrO CKJIOHEHHA HM aMIJIHTya ero KoJIeOaHHi B BeKaX. 

3. TaaBybli pe3yIbTaT MOAOOHEIX B3aMMOJeHCTBUH TaKxKe BUeH Ha pH. 3, 
B ocoOeHHOCTH Ha mIMpoTe 40° — 9TO MOCTOAHHAA COCTAaBJIAIOULad MarHHTHOTO 
CKJIOH€EHHA, KOTOPad Masia Ha MaTepHKaX M BeIMKAa Hay, OKeaHaMH. 

4. Butore, HeoOxoOXHMO IIpH3HaTb, YTO KOHBeCKIMOHHBIe AYeHKH Bysanapya 
MOryT CO3JaBaTb OCHOBHOe MarHHTHOe Moule SeMiu, OCb KOTOpOrO CoBMayaeT 
C OCbIO BpallleHHA MaHeTHl. 

5, B3aumojleicTBHaA IICKTPpOMArHUTHOPO NOJIA A¥YeeK C XOPOIIO NPOBOAAIIN- 
MM BOJaMH OKeaHa CO3JaeT «BUXPH» TeJJIypHYeCKHX TOKOB B OKeaHe BOKpyr 
MaTepukos (?) 4 CBA3aHHY!O C HAMM KapTHHY MA@rHUTHOTO CKJIOHeCHHA. 

6. Bo3MoxKHO, 4TO’ B3aMMOJelicTBHe JJCKTPOMA@FHUTHOFO MOJIA AYeeK C BO- 
aMU OTJCIbHBIX MOpelt Co3aeT B HHX MNOCTOAHHYIO COCTABJIAIONLyIO TOKa, Ha 
KOTOpylO HaJlaraioTca BUXpeBble TOKH, HHAYIMpOBaHHble B MOpe BO BpeMsl Mar- 
HUTHBIX Oypb (2°). 


s 


Ilocrymuio 
11 I 1960 
WHMTHPOBAHHAA JIMTEPATYPA 


/ 11. Fleming, Terrestrial Magnetism and Electricity, 1949, p. 16. 
o68. B. Ulysew kun, JAH, 76, N 1, 57 (1951). * Jl. A. Kopuesa, JAH, 76, 

b 1, 49 (1951); Tp. Mopex. ragpodus. uucr. AH CCCP, 7, 32 (1956); JAH, 107, 679 (1956). 
'B. B. Ulyaeuxuu, Kpatxnii xypc dusuxu mopa, ra. 8, 1959. ° 10. T. Pr x- 
foB, JAH, 113, Ne 4, 787 (1957). °®B. B. Ulyneatxun, JIAH, 119, Ne 2, 257 
1958). 7’ B. B. Ulyaeuxkun, JAH, 130, NM 5, 1015 (1960), * E.G Bullard, 
1. Gellman, Phil. Trans. Roy. Soc. London, A. 247, 213 (1954); Sn. By mamapa, 
Ipupona, Ne 12 (1960). 9H. WH. DpenkKedb, JIAH, 49, Ne 1, 98 (1945). 
B. B. Wyaeixunu, JAH, 134, Ne 6, 1343 (1960). : 
: 7* 854 


oxrnzagy Anagemun Hayr CCCP 
1961. Tom 137, Ne 4 


KPHCT AJWJIOLPADHA 


r. 0. TOMOH 
CHEKTPbI JIOMHHECHEHUWMH AJIMA3OB H3 TPYBKH «MHP» 


(ITpedcmaseaeno axademuxom A. B. Wly6uuxoeoim 51 VIII 1960) 


Vi3BecTHO, UTO HHTCHCHBHOCTb CBeYCHHA Pa3JIHMYHbIX OOPa3OB aJiMa3a Tipu 
BO3Oy2KJeCHUM YJIbTpapHoJIeTOBLIM CBeTOM C A 365 Mu. BapbupyeT B OYeHb WHPOKUX 
mipefesax, a IBeT CBeEYeCHHA MOKET H3MeEHATLCA OT TOMYOOrO Ao *KeJITOFO H opax- 
7Keporo. OHaKO, HECMOTPA Ha 3HAYHTeJIbHbIE H3MCHEHUA B HHTCHCHBHOCTH Hi 
I[BeTe JIOMHHECIECHIHH OTACJIbHBIX OOPa3llOB, CUHTaIOCb, YTO B CIeKTpe JIOMH- 
HeCICHIMH asIMa30B MMeIOTCA [Be KOMMOHeHTH — TomyOaa (nunua 4152 A x 
Ppyllia MpHMBIKalouHX K Heli Mooc) M %eTo-senenas (MHA 5033 A x pxz co- 
TIpOBORKTaloujHX MOJIOC), a BCe H3MeHeHHA B HHTCHCHBHOCTH M IWBeTe CBe4eHHA 
OTJ€JIbHBIX OOPa3OB OODACHAJIMCh H3Me€HeEHHEM AaOCOJIIOTHOM HM OTHOCHTeJIbHOH 
HHTCHCHBHOCTH TOJYOOH HM WKeJITO-3eJIeHOH CHCTeM TIOJIOC. 

Panee (1) MbI CooOmlaviv, YTO IPH H3yYeHHU CNeKTPOB JIOMHHECIEHILMN aJiMa- 
30B OTCYECTBEHHBIX, TIaBHbIM OOPa30M ypaJIbCKHX, MeCTOPORKAeHHH Oplio Hali- 
JleHO, UTO B CIeKTPaX CBeYCHHA Pa3JIMUHbIX aJIMa30B He€H3MeHeHHOH OcTaeTca 
TOJIbKO CTpyKTypa TouyOoH KOMMOHeHTEI, a B 2KeJITO-3eJIeHOH TMooce HaOwJIC- 
JlalOTCA 3HAYHMTEJIBHbIC BAPHALHH, UTO CBUCTEJbCTBYeT O OOJIbLIOH UYBCTBHTEJIb- 
HOCTH IWeHTPpOB CBeYeHHA, OTBETCTBEHHBIX 34 KEJITO-3eJIEHYIO KOMIOHEHTY, 
K BJIMAHMIO TOCTOPOHHUX MIpHMeceH WIM KaKHX-JIM6O Apyrux edeKTOB pellleTKA 
agima3a. Tak KaK HeH3BeCTHO, OOYCJIOBJIeHO JIM STO pasIM4He B CTpykType *Kell- 
TO-3eJIeEHOH MOJIOCbl KAKHMH-JIMOO TeOXHMHYeCKHMH OCOGeCHHOCTAMH jlaHHOro 
MeCTOPOXKeHHA HWIH KAKHMMH-HHOyAb ApyruMu IpwynHamA (MosoxwKeHue OCOXK- 
HAeTCA HM TEM, UTO BOOOLIe BOMpPOC O TIpHpose JIOMHHECHEHUHN aJIMa30B lO CHX 
TlOp elie He pellleH), MpeACTaBAJIO HHTepec H3YUIHTb CHeKTPb! CBCYCHHA aJIMa30B 
H3 KOPeHHBIX MeCTOpOxKeHHH. 

Bplid H3yYeHbI CMeKTPbI JOMHHeCHeHHMH Oosee 100 asma30B M3 TpyOKH 
«Mup». Tak kak IIpv BblOope OOpasioB JIA HCCJIeEOBaHHA CHelMaJIbHO OTOMpa- 
JIMCb aJIMa3bI, B CIIEKTpaX CBeYeHHA KOTOPbIX LOJOKHA OblJia ObITb 2KeJITO-3eUIe- 
Has Mo/loca (M3 OOMbUIOTO KOJIMYECTBA CBETALUXCA aJIMa30B BLIOHPaHCcb OOpas- 
Ilbl C OPAH2KeBbIM, 2KeJITHIM HW OeseCbIM CBEYCHHEM), MbI, ECTECTBEHHO, H€ MO2KeM 
lelaTb Kakvie-IMOO CTATHCTHYECKHE 3aKJIOUeEHHA O COMepKAaHHH aJIMa30B C TeM 
WJIM HHbIM CBeyeHHeM B TpyOKe «Mup». 

Crevenne aiMa30B BO8OyKaJOCb CBETOM PTYTHO-KBaplleBol Jamnbt CBJIIILI- 
250, MpoOmymleHHBIM uepe3 cBeTodumptp Y@®C-3. CmektTpp smomMMHeCIeH- 
IMM BCeX aJiMa3s0B coTorpadupoBasuch Np MoMoWM cnekTporpada MCTI-51 
¢ KaMepol c dokycubim paccTosHHem 270 mM. CneKkTpbl cBeyeHua 25 o6pas3ilor 
ObIIM MOJyYeHbI Ha CHeKTporpade c LudppakuHoHHON pemieTKoli c AuCHepcueli 
~6 A/vn. 

Mbt yoke OTMe¥aM, YTO CTpyKTypa rouyGol cocTaBsmMolel CMeKTpa JOMH- 
HeCILCHIMM Pa3JIMUHbIX AaJIMa30B OCTaeTCA HEH3MeHHOH, NosToMy Ha puc. |, a—e 
TIPHBCACHbI TOJIbKO 2KeJITO-3eJIeHbIe KOMIIOHCHTbI CICKTPOB CBe4YeHHA pa3Jnu- 
HbIX aJIMa30B, MOJIYYeHHbIe Mp OXMaKTeHUM OOpasloB WO TeMuepaTypbl KHNA- 
wero KHCOpona. 

)KesTO-3eNeHble KOMHOHEHTHI CIEKTPOB JIOMMHECIEHIMM TOKO 3 auIMa3or 
cocTosIM “3 tMHuH 5033 Au cucTeMbI MpHMBIKaIOULUX K Heil Movoc ¢ MaKCHMy- 
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“MamuH oxKouio 5120, 5216, 5290, 5370 u 5470 A (cm. puc. 1, a), T. e. uMeaM BHA, CoB- 
‘naan c tIpHBeeHHbIM B HTepatype (’,°). 

B cmekTpax JuOMMHecHeHIMH 70 OOpasloB, KpOMe CHCTeMbI TOJIOC, TIpHMBI- 
Katomlei K wmHun 5033A, umeetca elle cucTema mosioc oKoIo aunuu 5108A 
(puc. 1, 6). O cnextpax cBeyeHusa aiMa30B Bua, IpwBexenHoro ua puc. |, 6, 
Mbl COOOMaIH paHee (1) H OTMe4aJIM, YTO pasHOoOpasne B MHTCHCHBHOCTH HM UBeTe 
JHOMHHECICHIMM aJIMa30B OTeYCCTBEHHBIX MeCTOPOXKJeHHH B OOJbUIMHCTBE CJly- 
YaeB OOYCJIOBJIEHO H3Me€HeHHeM aOCOJIOTHOH HM OTHOCHTeJIbHOM MHHTeHCHBHOCTH 
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Pue. 1. CnekTppl JiIomMHHecHeHUHH aimMas0oB npH 9O0°K (cxema) 


-YrouyOok MW xwXeJITO-seNeHOH (Bua puc. 1, 6) KOMMOHeHT CieKTpa, UTO NOATBepIU- 
JOCb HM B JaHHOM CJly4ae: B CMeKTpax JNOMHHeCHeHUMH 30 oO6pa3lloB HMewacb 
elle H rowyOad CocTaBJAIONad pasJIM4YHOH HHTCHCHBHOCTM H CBeyeHHe HX OT 
oOpasiia K OOpasily W3MeHANOCb OT CBeTJO-rosyOoro O *KeJTO-3eeHOro. 
B cnexTpax miomuHecuenuuuH 40 oOpasiloB HH Ip KaKMX 9KCHOSHIMAX He yla- 
JlOCb O6HapyxKuTb WHHUIO 4152 A u rosy6yto cocTaBuatollyio. Kpome yKa3aHublx 
wun 5033 u 5108 A B cnekTpax JOMHMHeCHeHILMH HeKOTOpBIX 43 9THXx 70 auIMa- 
30B HMeJIMCb y3kve wHHUN 4906, 4958 u 4977 A u rpynna cpaBHuTembHO y3KUx 
jlojloc ¢ MakKCHMyMamnu oKo.Io 5696, 5732, 5762, 5785 u 5818 A (puc. cm. 1, 6). 

CrpykTypa %KeJITO-3eJIeHOH MOJIOCbI CIeKTPOB JIIOMMHeCHeHIMH 30 aiMa30B 
UMeJla BU, NpHBeseHHbI Ha puc. |, 6. 3fecb HaWOO/Jlee HHTEHCHBHbIe JIMHHM HAXO- 
matca oKosio 4891 u 5233 A, B cneKTpax HeKOTOpPbIX O6pa3IlOB HMeIOTCA O4eHb 
cmaObie y3kue anunuu 4906 un 5033 A. 

B u3y4eHHOHM HAMM KOJIJIEKIMM aJIMa30B HMeIOTCA OOPa3iibl C BKJIIOUCHHAMH, 
JHOMHHECIMpYIOWLMMH SAPKHM %KeJITO-3eJIeHbIM WBeTOM. CrieKTpbl CBeYeHHA ITHX 
BKJOUCHHH aJIMa3a B aJIMa3 HMEIOT TakKe BU], IIPHBeeHHbIi Ha puc. |, e. 

DKeslTo-3eleHad KOMMOHeHTA (puc. 1,2) CleKTpOB JIOMMHECIEHIHH 5 aJiMa30B 
CocTOUT 43 wHHUH 4966, 4976, 5018, 5033, 5050, 5067, 5108, 5180, 5188, 5232 A 
WM M3 TpyNMbl CpaBHHTeJIbHO Y3KUX NOJIOC, MAKCHMYMbI MOYepHeHHM KOTOPbIX 
pacnouioxKeHbl OKONO 5696, 5732, 5762, 5785 u 5818 A. B cnextpax somuHec- 
Il€HUHH STHX OOPasloB HMeeTCH Tak2Ke UW PoyOad KOMMOHEHTA. 

B cnextTpax JiomuHecHeHuHH 3 obpasioB (puc. 1,0) o6HapyxKeHbl JIMHHH 
4890, 4958, 4966, 4977, 5001, 5080, 5089, 5187 1 5230 A, oueHb cula6bIe MOVIOCHI 
oKosio 5424, 5544 u'5608 A u rpynna y3Kux nonoc oKomo 5696, 5732, 5762, 
5785 u 5818 A. JIvnua 4152 A u romy6an KoMMOHeHTA B ClieKTpax CBeYeCHHA ITUX 
aJIMa30B He OOHapyKeHHl. 

B cmektTpe JNOMMHeCIeCHILMH TOJIbKO OLHOFO aJiMa3a ObIJIa OOHAPy2KeHa OUCH 
cna6aa munud 4152 A w y3xne novice oKosio 5786, 5890 u 5998 A (cm. pu. |, e). 

Tak Kak Ha puc. | IpHBeeHbI CMeEKTPbI JIIOMHHeCILCHILMM aJIMa30B CXeMaTH- 
SMpOBaHO, TO HeOOXOAHMO OOaBHTb, YTO B CIeKTpaX UMeeTCA CIVJIOWIHON ox. 
_ Kpome cnekTpoB JHOMMHeECIeHILMM aJIMa30B ObIJIM H3Y4eHBI CIeKTpbl CBeue- 
HUA Apyrux MuHepasos “3 TpyOKu «Mup». ToubkKo B CHekTpe WHpKona OblIn 
OOHapyxKeHbl JBe rpynmbl y3KuxX HHH (puc. |, 9), pacnoO*KeHHbIX OKOJIO 
4845, 4860, 4872, 4890 A u oxono 5704, 5707, 5717, 5748, 5760, 5763, 5776, 
5793 u 5814 A. 
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Kak y2Ke oTMeyamocb paHee (1), HaMH OblIM OOHAPyXKeHbI 3HAYHTeJIbHDI 
BapHaluu B CTPYKType 2XeJITO-3eNeHOH NOJIOCbI! B CIeKTpaX JIOMHHeECIeEHIMH 
pasIM4HBIX amasoB. [Ipupofa sTHxX H3MeHeEHUH, KaK M TIpuposa JIOMHHeCIIeH- 
IMM aIMa20B, BOOOIe MOKA ellie HeH3BeCTHa. CpaBHeHHe CMeKTpoB CBeyeHHA 
aJIMa30B, IIpHBeJeHHbIX B HaCTOAMeH paOoTe u B paboTe (7), MO3BOMAeT CUHTAT, 
4YTO KaKHe-TO FeOXHMHYECKNe OCOOCHHOCTH KOPeCHHBIX MeCTOPOXKMeHHH aJIMa30B 
BIMAIOT Ha CTPYKTYPY XKeJITO-3eJICHOH MOJIOCHI JIOMMHeECHEHUMH TakKHM OOpa3om, 
YUTO OOYCJIOBIHBaIOT BO3HHKHOBeHHe B CeKTpe Ppyllbl ySKHX Tooc, pacno- 
JIOKeHHEIX OKOJIO 5696, 5732, 5762, 5785, 5818 A, u CIe€KTPOB CBeYeHHA aul- 
Ma30B BYa, WpuBexenHoro Ha pue. |, @. isa BbIdCHeHHA NPHpOAb CBedeHUA aul- 
M@30B HM TIPWUNH, OOYCJOBMBAIONIMX pasHOOOpasHe B CTPYKType XKedJTO-3eNe- 
HOH NOJIOChI, HEOOXOAUMb! aJibHeHIIMe HCCIeOBaHHA. 

Axstop Bbipaxkaet riyOoky10 npH3Hatembuocts IT. I]. MeodusoBy 3a uHTepec 
K padote u O. B. CoKxonoBol 3a MOMOLIb B MpHBeeHHU 9JKCMepHMeHTa/IbHOL 
yacTH. 
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Akajemnk b. A. APBY30B, B. C. BAHOrPAJOBA u H. A. MOJIE)KAEBA 


- M9THOBbIN IOMP 1-ITOKCHILMK JIOEKCEH-1-2OC@NHOBOH-2 
j KUCJIOT bl 


B mpeqpisymux coodujenuax (1) Hamu ObIIO MOKa3aHO, ITO SMUPbI WMKJOreK- 
Canon-2-bocbHHOBOH KHCJIOTHI He MOryT ObITh NOJYYeHbI peaklvei Meperpynnn- 
posku Ap6y30Ba u peakuveli Muxasmuca — Bexxepa. 

_ jJiveTusopbiit sup WukKsJoreKcaHoH-2-pocuHOBOH KUHCJIOTHI yaslocb Mouy- 
YUTb OOXOAHBIM NyTeM: Yepes AusTHNochopHbIH spup IHOMbHOM opm! supa 
ee a benonok KucioTE (II1) nepestepuduKanuelt ero 9THJO- 
BbIM CIMpToM (*). CpaBHHTeJIbHO HEBbICOKHM BbIXOA PoctbopHoro aiupa WuKsO- 
TeKCeHOMPOCHUHOBOH KUCJIOTLI M HeOCTATOYHO XOpPOMIad BOCTIPOH3BOMMOCTb 
OMbITa NOOy AWM Hac BLIACHUTE IpHUHHbI STOO, a TaKKe UCKAaTb APyrux WyTel 
CHHTe3a Supa WHKJIOreKcaHOHOcuHOBOH KUCJIOTHI. 

 PeakiHua MexkKly AMOpoMuUMKsJoreKcaHOHOM u TpusTHIcocduToM, omucaHHaAd 
HaMH B KpaTKOM CooOmleHHH (7), COMpoBoxAaeTcaA OOpasoBaHheM 3HauHTeJbHOrO 
KOJIMYeCTBA HMKEKHNAMUX PpakUMH UW CHJIbHO 3aBHCHT OT YyCJIOBM MpoBelle- 
Husa onbita. JlaibHelilee U3y4eHHe ITUX (PPakUMH NMOKAa3aO, YTO B HUX COMepxXKUT- 
CA WMoTUMochopuctad KuCJOTAa, TpHaTHAocHaT, AMSTHJIOBLIN scup WHKJIOreK- 
CaHOH-2-PocPUHOBOH KUCJIOTHI U HelpeeJIbHbIe COeHHEHHA, B TOM UHCJe WMe- 
HOBbIe COeqHHEHHA. OHO 3 NPH4HH CIORKHOTO TeveHHA peaKUHH MOKeT OBITb 
BIHAHHe KOHopMalluH WCXo_HOrO HOPOMIUMKOreKcaHOHa, 4TO NooyAusO 
Hac MOCTABHTb OMBITHI JeHCTBHA TpusTHIdocpuTa u ANITHcocHopucToro 
HaTpHa Ha WHC- Mu Tpanc-2,6-qnOpom- u 2,6-,uxJIOpuuKOrekcaHOHHl. 

OjHUM 43 TyTelt cuHTe3a JMaTHIdocHopHoro adupa SHOJIbHOH bopMbI sbupa 
IUKsOreKcaHoH-2-cboctpuHoOBon KucuOTHI (III) mor 6p GbITh MyTh OpoMHpoBaHHA 
WMSTUIMAKorekcenusdocdata (1) GpomcykWMHUMHOM C TocweLyIOuluM felicT- 
BHeM TPUSTHIocuTa Ha NosyYeHHbId MOHOOpomuy. 
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| | 
O OpomeykuuHuMug Br a (CsH;O)3P 
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Dror MyTb He IIpHBes K %KeslaeMbIM pesyibTaTamM. He jas MO/IO%KUTEbHBIX Pe- 
3YJIbTATOB UH ApyFolt BapHaHT CHHTe3a ANOTHMGoCPOHNMKJOreKCcaHoHa: 


J Br (C,H;0)2P=O 

I | | HO ory, 
{ —OCOCH3 2 ae Nero (CsH,0),P Wacrgeng ome ) 
| | SS rag ——— Z =a 
aa 
(Vv) (V1) (VII) 


OcHOBHBIM MpOAyKTOM peaKIMH OKAa3aICA JMSTHMUMKMOPeKCeHHJOBbI 3PHp 
«pocbopHol KucoTEI (1). 
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VW. ®. Jlynenxo u M. Kupusios (*) noKa3asIv, YTO peakuel mpHcoequHeHH 
NATHXJOpHCTOrO ocdopa K JHOJIaleTaTy MO2XKHO IpHuTH K a-cocdouabyzern: 
aM ¥ a-cbocdouKeToHam. 

Ham He yaslocb N0Ka NOLOOpaTb NOAXOAAUINX yCJIOBUH WIA OCYIeCTBIeEHH 
S9TOH peaKIHH JeHCTBUA NATHXJOpUucToro cocdopa aA cyan SHOMAalleTaT 


% cH! 1560 1360 160 960 760 cm! __ 1560 1360 1160 560 
100 T Tas T T T T = SS r Ten ce 
% 
| If 
© 50} Ee 
y a 
8 S 
o 8 
S _— 
i i 1 als J =! 1 J | 0 
7660 7460 7260 060 860 cm 1660 1460 1260 ~ 1060 coum 
Puce. 1.* W.-K. cnexrp xaopanruzpuga IX Puc. 2. W.-K. cnexrp quaTusoBoro sdupa 1-sT0- 
(m1eHKa) KCHUMKNIOTeKceH-1-cbocpHHOBOH-2 KucIOTH (X) 
(luleHKa) 


WHKJOreKCaHoHa. CHHTes JMSTHOBOrO Supa WHKMOreKcaHoH-2-cpocuHOBok 
KMCJIOTbI HAM yJlaJIOCb OCYICCTBHTb aHAaJIOTM4HBIM IyTeM, HCXoAa u3 1-3TOKCH- 
ILHKJIOreKcena. 


OC2H; 
OC2H; He 
| [Al é 
ke —PCI; C-H,OH 
S Pcl, C- PCly-PCls 21) | eae 
O 
(VIII) oo 
OC3H; OH > 4 
y \ || 
ou (OCH ae On (OC:Hs). Om (OCaHs)s 
_ | pe - 
oo Ae # ; 
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IIpucoesquHeHueM HATHXJOpucToro docdopa K STOKCHILMKsOreKceny (VIII) 
C Mocueqyioulei OOpadoTKol KOMMIeKCa CepHHCTEIM Ta30M Ob Nomy4eH XsOp- 
anruapuy (1X) cr. kun. 136°/2 mm, dp 1,3009; nb 1,5275; MRp aiineno 57,52, 
CsH,,0.Cl,P sprancseno 55,43. 

CilekTp KOMOMHaMMOHHOFO paccesHuA cBeTa Xopanruypusa (IX) ume cue- 
Ayloulve yactoTs (B cM™'): 165 (6 m1), 180 (3), 248(5), 296(2), 321(3), 347(2), 
371(2), 398(7), 408(2), 450(2 ms.), 491(5), 502(2), 529(3u), 571(2), 604(0), 
674(1), 736(1), 825(4), 866(3), 907(1), 967(3), 1016(0), 1033(2), 1080(4), 1143(2), 
1181(5), 1227(0), 1258(6), 1279(2), 1368(1), 1421(7), 1446(4), 1456(2), 1552(2nr>)*, 
1591(0), 1611(10m)**, 1662(2),  2657(0), 2728(0), 2863 (598), 2896 (511), 
2937(811), 2979(4). 

B u.-k. cnektpe mpogyxta IX (puc. 1) NPOABIAeTCA MOFMOWLeHHe CpetHeili 
MHTeHCHBHOCTH 1660 1 o4eHb cHuIbHOe 1611, CooTBeTCTBYylIOllee C=C-cBa3v IHK- 
JOPEKCeHOBOFO KOJIbIa, HAXOAAMeHCH NO CHIbHLIM BIMAHHeM rpynnet P = O 
H ABYX aTOMOB XJlopa. CHJIbHad WMpoKas Nos10ca B OOWaCTH NoroweHua rpyn- 
iibt P =O wmeer Tp makcumyma: 1272, 1255 u 1234 em-?. 


* o wo o co 
ue Moxer 6niTb NOBTOPHOH JIHHHeH OT BOsb6yxKAalomeli pryTHOH HHH f. 
“ Iapnna aunnu cocrapaset ~ 30 cum}, 
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OtTepu@ukalweh Xopanruszpuga IX stuJoBbIM CNHPTOM MosyyeH om ae- 
Mbit QMsTHOBbIM sup |-sToKcumuKsoreKcaH-1-coccduHoBoli-2 KucoTE (X) 
“eT. kun. 122—123°/1 mm, d;° 1,0860; n2 1,4735. MRp naiiqeno 67,82, C,sH2,0.P 
BbIgHcsIeHO 67,46. 

CnekTp KOMOMHAWHOHHOrO pacces- 
HHA CBeTa JH9THOBOrO apupa 1-9To- 
KcMiuMKoreKcen-! - docduHoBol-2 - Kuc- 
moTpt (X) ume Culeqyiomive uacToTHt (B 
wom *)*: 258(2), 270(2), 328(1), 354(2), 
437(1), 502(0), 521(0), 563(0), 586(0), 
612(1), 653(0), 677(1), 712(1), 750(2), 
812(2), 828(2), 865(2), 910(2), 949(1), 10 
967(0),  1034(2m), —1083(2), 1100(3), “297 260.2800 ae 
Bi119(2), * 1149(1), 1176(2), .1236(1), Ae aa 
Roc (eots 1358(1)25 11364(2)5 41 388(1)% bab. 9! 76) ener nGince ene 
—-1430(2), 1442(4), 1456(3), 1480(0) , Bee ea oa Cepdcenne arene 
-1636(4), 1665(3),  2723(0), 2843(3) (pocuHoBoli-2 KucmoTp (X) B CHsO0H; 2— 
-2870(4), 2898(3), 2931 (61), 2981 (41) JHSTHIOBIN StPpup WHKIOreKkcaHoH-2-cbocu- 


>’ 
HOBOH KHCJIOTLI B H300KTAHE 
3064(1). ; a 


Vi.-K. clekTp NposyKta X npwBellen Ha puc. 2/ Bmecro cubHOH WMpoKOl 
tiomoch! 1611, HaOmmoyeHHOH B H.-K. cieKTpe xJopanrugzpunza IX (puc. 1), B 
W.-K. CMekTpe AMSTHOBOrO sdupa 1|-3sTOKCHUMKJOreKceH-!-cboctbuHoOBOlt KUCJIO- 

, Tht (X) wMeeTca morvoly[e- 

cm 1750 1550 1350 1350 1150 G50 HHe CpeHelt MHTeCHCHBHOCTH 
1636, coBnazatomlee c 4ac- 
ToTOH 1632, cooTBeTCTBYy!0- 
mel C = C-cBa3v 9HOJIbHOM 
cbopmpr (XI) jHaTHIOBOrO 
aipupa I{MK JOreKCaHOH-2- 
(bocUHOBOH KUCJIOTHI ¥ (CM. 


{ puc. 4). Ananoru4Ho u3Me- 
$50 HAIOTCA 3HAYeCHHA  YaCTOT 
a BaJICHTHBIX KOJeOaHHl [CBsA- 
S seh C=C u B cleKrTpax 
& KOMOHHAWMOHHOTO ~— pacces- 


HHA CBeTa nposyKToB 1X 
u X. 
¥.-—. cmekTp JM9THJIO- 
Boro aiupa 1-9TOKCHILMKJIO- 
rekceH-|-cboctbuHOBOH-2 KHc- 
Noth (X) (puc. 3) TaKkxKe 
ONH30K MO XapaKTepy I0- 
TJIOMeHHA Cc y.-). CMeKTPOM 
. - JMSTUMOBOTO Supa WHKJIO- 
lai hse ea se Hae TeKCaHOH - 2 - docdHHOBOL 
a Bae cneKTp Ae ee a adupa inate an KUCJIOTbI, CHATbIM B PpaCTBO- 
HOH-2-cbocHHOBOH KHCJIOTHI: —— B MIeEHKe; == 33} e€ H3800KTaHa, re paBHOBe- 
reKcaHe, c ghd : es oe u30-CaH OH, oe cn ito ces 3 tae 
eee yh POHY SHOMbHOH opmpr (’). 
Ompiienvem atbupa X mofKUCJeHHO BOLO Obl NoJyyeH AMSTHIOBEIH 
abup muKsoreKcanou-2-pocdunoBolt KucnoTEE c T. Kum. I11—113°/] mm, 
=” 1,1231; nf 1,4660. KoncTaHTs! MOuIHOCTbIO COBMaJIM C KOHCTaHTaMH aupa, 
onmMcaHHoro HaMH pauee (?). 
V.-K. cmekTp noulyseHHoro acupa TakxKe COBMaJI CO CHEKTPOM AH9STHJIOBO- 
ro supa WuKsoreKcaHon-2-pocuHOBOl KUCJIOTHI, MOJyYeHHOrO TMepesTepHudu - 
‘Katluel acupa III (puc. 4). B u.-K. cmexTpe JM9THOBOrO S*upa WHKMOrekcaHOH- 


* CmekTp HMeeT TeMHBI (pou. 
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2-poctbHHOBOH KMCJIOTBI, KaK WB CilekTpe KOMOMHaIMOHBOFO paccesuua (’), 
npospasoted ¥acToTh 1710 1632, cpolicrBeHHble KeTOHHOH (IV) u dHoOmbHOL 
(XI) dopmam cooTBeTcTBeHHO. B pacTBope reKcaHa B H.-k. CieKTpe CoxpaHsaetca 
MoOKeHHe STUX MOOC, HalieHHBbIX B CMeKTpe XHAKOFO supa, U HadvIOMaeTcA 
3HaUMTeIbHOe H3MeHeHHe HX MHTCHCHBHOCTeH: CHHMKaeTCA MHTCHCHBHOCTh MOJIO- 
cpt 1710 M CHabHO BOSpacTaeT HHTeCHCHBHOCTD NosocEl 1632. Ito yKa3biBaeT 
Ha CMellleHHve PaBHOBeCHA B PaCTBOpe TeKkcaHa B CTOPOHY SHOMbHOH opMEt. 
CumbHoe CHWKeHHe HHTeHCHBHOCTH Nosocn 1632 B pacTBope H306yTHJIOBOorO 
cnupta (puc. 4, 3) CBa3aHO C yMeHBINeHHeM KOJIM4YeCTBA SHOMbHOH PopMb! supa 
B Goulee NOMAPHOM pacTBopHTee. 

B o6macTu normoujenua P = O-rpynmbl B pacTBope TreKCaHa CHWKaeTCA HH- | 
TeHCHBHOCTS 1uKa 1255 u cuIbHO BO3pacTaeT NorouleHHe 1195. He ucKxsmouaer- 
CA BO3MOXKHOCTH yuacTHua P = O-rpynnbl SHOBHOH GopMbl. B O6pas0BaHHH 
BHYTPUMOJIeKYAPHOH BOROPOAHOM CBA3H. 


QIKcTepHMeCHTAABHAA YWACTH 

TleicTtTBue NATHXAOPUCTOTO hochopa Ha STOKE H- 
WukKmoreKkceuH. JToKcHuuKsorekcen T. Kun. 55°/14 mo, ny 1,4589 TlOJry- 
YAJICA OTHATHEM MOJIEKYJIbI STHIOBOFO CHUPTa OT alleTaJIA WHKJIOreKCaHoHna, M0- 
JVYeHHOFO peakUveli B3aMMOJeHCTBUA WMKJIOreKCaHOHa C TeTpadTOKCHCHaHOM 
(‘), HarpeBanvem B BakyyMe (170—188 mm) B npucyTcTBuH Kamdopcy.1bpoHoOBolt 
KHCJIOTbI H XMHOTHHA (°). 

SroxeuuuKorekceH (37,6 Tr), pacTBOpeHHbIM B OeH30J/le, IpHOaBAAscA Mo 
KallJIAM TIP MepeMellMBaHHH H OXIaxKTeHHH K B3BecH 124,4 r PC]; B 200 mu abc. 
6eus0ua. Tlocsie ABYXAHEBHOTO CTOAHHA MpH KOMHATHOM TeMMepatype peakun- 
OHHas CMeCb Oblsa OOpa6otana SO, Jo noHOro pacTBopeHuaA ocarKa. IIpu nepe- 
roHKe B BaKyyMe NowyyeHH! dpakunu: 1) 86—92°/2,5 mm; 2) 128—136°/2 mm. 

Tleperonkol BbicWielt PpakuNH BbI,eeH XNOpaHruApuy 1-sTOKCHUMKsOreK- 
cex-1-cboccbuHopoli-2-KucuioTs c T. Kun. 136°/2 mM, do’ 1,3009; “Pf 1,5275—22 r. 
MRp uatigeno 57,52, C,H,,0.C1,P pprancmeno 55, 43. 


Hanneno 0% P 112753; A264 Gl 29023) 2870 
CgHi302Cl,P. Baruncneno %: P 12,75; Cl 29,16 

Ilonyuenve AHITHAOBOTO 29Mupa lsTOKCHUUNK AO- 
rekcen-l-PDochunoBpou-2 KucaoTH. B pactBope 30 r xnopanruz- 
puna l-sToKcuuMKsoreKceH-!-bocpuHOBOH-2 KucuOoTHE T. Kum. 136°/2 mM B 
100 ma a6c. supa npv NepeMewIMBaHHA WM OXJaKMeHHH MO KallJiamM mpHOaBmena 
cMecb 25 r TpwaTHamuHa H 17,5 Ma STHMOBOrO CnupTa (H36nITOK 20%). Ilocae 
OTJ€JICHHA COJIAHOKHCJIOPO TpHSTHIAMMHA OCTATOK pa3o0rHaH B Bakyyme. [lomy- 
yeoo 16,3 r (50% Teopuu) qusTHAoBoro Supa 1-sTOKcuIMKNOreKcen-1-dhocdu- 
HOBOM-2 KUCJIOTHI: T. KUM. 122—123°/1 mm, do? 1,0860; ni? 1,4735; MRp naiineno 
67,82, CysH»-O4P Beraucaeno 67,46. 

Hatiyeno %: P 12,32; 12,22 
Ci2Hes04P. Burrancneno %: P 11,82 

Ombllenne AHITHUMAOBOrTO 2Gupa l-3»sToKcHuLUKIAO- 
rekceH-l-pbocm@uHOBO H-2 KHCAOTHI NpOBOMOCh BCTPAXHBaHveM 3(pH- 
pa B JeuIMTebHOM BOPOHKe C pasGaBueHHol HCl (1 : 10). PactBop muoroxpaTHo 
SKCTparupoBasicaA SUpPOM. OpupHaa BHITAKKA cywMNacb Na,SOa, sup otro- 
HaJica. [leperonkol ocTaTKa B BAKYYMe NOJY4eH AHSTHJIOBbIN aScup WHKsMOreKca- 
HOH-2-pocbunopoit KUCHoTEI CT. KUM. 111—113°/1 mm; a?” 1,1231; n3) 1,4660 (2). 
Hayuno-ucceqopaTebcKHH +=XHMHUeCKHIt uuctutyr um. A. M. Byteposa Tlocrynuso 

mpi KasaHcKoM frocyyapcTBeHHOM yHHBepcHTeTe 16 XII 1960 
WHTHPOBAHHAS JIMTEPATYPA: 


WB. A. Ap6yson, Bi C, Bunworpayzona, Ho Ay lon emaesas wae 
121, 641 (1958); Mss. AH CCCP, OXH, 1960, 832. ° 5. A. Ap6ys3os, B.C Br- 
Horpayxosa, H. A. Tlonexaesa, JIAH, 128, 81 (1959). ?H. ® Jlynmenko, 
M. Kupuaaos, JIAH, 128, 89 (1959). 4B. Helferich, J. Hansen, Ber.; 
57, 795 (1924), 5 JL A. AnosexKxas; C. 1. lObut, B. ® Kyuepos, Ass. 
AH CCCP, OXH, 1960, 1246. ° ; 
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XHMHA 
P. Bb. FTOJLYBLIOBA 


MCCJIEMOBAHHE MPHPOAbI XAMHYECKOLO COEXIHHEHUSA 


CHCTEME Ti—Si 


(ITpedcmaeaeno axademuxom H. H. Yepusescim 27 X 1960) 


B cBsi3v c MCCJIEHOBaHHeM TIPHPOI CIJIABOB, COJlepKaliuxX CHIMUMAbI THTa- 


Ha, BOSHUKJIa HEOOXOJUMOCTh HSYYeHHA MeTaJIIHYeCKOFO COeAMHEHHA, OOpasyio- 
eroca B CiwaBax JBOHMHOM cucTempl Ti — Si, B o6macTH coctaBos 0,25—7,5 
Bec. % Si. HanGonee o6ummpHoe uccsieqoBanve MarpaMMbl COCTOAHUA CHCTeMBI 


HTaH — KPeMHUHH OblJIO MpoBe- 
s XaHceHomc cotp. (1), KoO- 
TOpble MeTOJOM peHTTeHOBCKOro 
aHalHu3a MOKa3asH CyIIleCTBO- 
BaHHe MeTaJIJIM4eCKUX coeqH- 
HeHHH, OOHAPYy2KeHHBIX B YTOH 


cucTeme |'MeTaJluiorpaduyeckum 2 


nytem (7). Ilo yrpep»xzenuto 
YKa3aHHbIX aBTOPOB oGHapy- 
KeHHAA MMH (Pasa MMeeT COCTAB 
37,5—40 at. % kpemuna. Iuer- 
DOKOBCKHH ut Jl10Be3(*) cunTaroT, 
ITO KpHCTasIMYecKad CTPYKTYy- 
Da STOH asbl COOTBETCTBYeT 
PopMyvie, BbIBeeHHOM Ha oc- 
HOBAHMH XMMM4eCKOFO CocTaBa: 
ITO| coeqMHeHHe TeKCaroHab- 
JOH CTPyKTypb! W30mMopduHo c 
coequHeHHAMU Mn;Sis, Fe;Sis, 
li;Sns, Ti;Gea(’). 

Hactosmjant pa6ota mpes- 
-TaBIAeT COGOH MCCJIeoBaHNe 
IpHpOAb! MeTasMMYeCKOrO Coe- 
IHHeCHMA B CMWaBax TUTaHa C 
MaJIbIM COepxKaHHeM KpeMHUA 
0,25% — 7,5%Si (Bec. %))* c 
JOMOLIbIO WIeKTPOMHTHYeCKOTO 
sLIIeJIeHHA COe@HHeEHWA B He- 
JACTBOPHMOM COCTOAHHH Ha 
4HOse. B muTepatType oTcyTcT- 
ByeT OMMCaHHe SJICKTPOJMTOB, 
IPHTOMHEIX WIA aHOMHOTO pac- 
TBOPeHHA «= H30JINPOBAHHA 
SHJIMUMAOB THTAHA 3 crvwa- 
30B Ha THTAHOBOl ocHoRe. 


4 
Siz) 7 


TiSi + 
\ 


490° 


TiSi,+ HY 
1300 


Si, Bec. % 


Puc. 4 


j| Jas ONLITOB HCHOJIbSOBAJIUCb CIJIABbl, KOTOPble MOCJIe MIaAaBKH OTHKHTaHCh 


apu 1000°—24 uaca 3aKkanKka 


B Boe H mpH 500°—500 uac. 3aKamKa B Bose 


B COOTBETCTBHH C AMvarpammou COCTOAHHA. 


 * CnmaBbl WIA UCCeOBAHHA H3PrOTOBJIeHbI H mpexocTraBleHbt Ham E. H. I[piwaesoit. 
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T]peqioxKeHHbIi HaMH HOBBIM 9eKTPOMHT JJIt aHOMHOrO BbileseHHA tas 
TiCr. 43 ciulaBoB THTaHa c xpomom (‘) caeqyromero cocTaBa: 3 ma H.SOs (1,84) 
37 anTapHou KucoTEI, 1000 Mi MeTaHOsa,— NO3BOIHA TakxKe H30NMpOBaTb U 
TepMeTaJIMLHy!0 (basy HU M3 cnuaBoB Ti — Si, cosep»amyux 7,5 Bec. % Si. 

Bo BCeX IIpOBeeHHbIX OMbITAX C YKa3aHHbIM CIJaBOM Haye *asbl M10 
TBep2KaeTCA XUMHYCCKHM HM P€HTTCHOBCKHM aHaJIM30M. Ora casa MpescTaBsAe 
cobol cummung THTaHa Ti;Sis CTporo CTeXHOMeTPpH¥eCKOFO COCTaBa, COOTBETC 
BylollerO XHMHYeCKOH opMyvie. OLHako MIA ApyrHx uccuJeLyeMbIxX CIIaBo 
cuctemp! Ti — Si, cozep2Kalllux Masble KoWMuecTBa KpemHUA 0,25; 0,50; 0,75 
1,0; 2,0% — mp aHOMHOM paCTBOpeHHH B yKa3aHHOM 3SJIEKTPOJIMTe BbIDeIUTE 
CHM THTAaHAa He yJaJOcb. 

B cBa3 C 3THM, HaMH IIpeo%KeH HOBHI IIEKTPOJIMT CJleqyloulero CcocTaBa 
15 ma H,SOz (1,84), 3 r ackopOuHoBoH KucuioTHI, 1000 Mi MeTHOBOrO CHUpTé 
(5). B 3ToM 3JIeKTpOJIMTe MOXKHO MpPOBOAHTb aHOAHOe pacTBOpeHHe CHMABOB HE 
THTAaHOBO OCHOBe cucTembi Ti — Si, collepxKallux MauJble KOJIMYeCTBa KPeMHHA 
¢ BbIJesIeHHeM CHIMUMa THTaHa Ti;Sis TOUHOrO XHMHYeCKOLO COCTABAa C BECOBbIN 
oTHoleHHem Ti: Si = 2,85% usu 1,68 ar. %. 


Taodauna il 


PesybTaTbl MHKPOXHMHYECKOTO AaHaTH3a AHOMHbIX MOPOIMIKOB. 
OaektTpomut: 15 ma H.SO, (1,84), 3 r ackopO6uHoBoh KucuoTEI, 1000 Ma meTumoBoro cnupTa 
(IIpoqomxKutTembHoctb onpira 1,5 uaca. IInorHoctb ToKxa 0,05 a/cm?) 


Hatiqzeno B 


Haliqexno PesyubTa - 
aHOJJHOM T0- ef way ’ ee fee. 

Gee conine Sy) MESSE | aii eSr aT. % WELSH Ti: Sj] CocTaB) ayy peHT- 
5) aoe , |" Bec. % Bec. % ar: of aT. % ne gees reH. ava- 
hae ne eT | Si Ti | Si EEE! 

O25 MOpowmoK He BHAeATHeTCA 


0,90" '72,60 127,18 | 99,84) 2,70; 6120s od oon 100, 20nmat. TisSis]  TisSis 

DFO ARS ksi SIT | Zoe | GAs ad (or || 89).99 | a. 
0,70 * 174,02) 26,30) 100,32, 9 2580 62,25 30 70 ee OU, OO Maas 
Us fa00)\ 29,16) MOOG 27 G3 SO Ss onLOnmO Os 00m mim 
1,00 75,99|238,/1) 99,66 |°2,74 165,25 \8473\5 99,98. 104, 
2,00* |74,85| 25,00} 99,85 | 2,99 |63,50}36,93| 100,40 | 14, 
2,00 *. | 74,95:| 25,041 99,99.) 2.99 | 63,63) 36,02 100,00 WETS 4s = 
7,00* | 74,00) 26,32). 100,32 \ 2,87'|63,42136,8619 909,938 114571 issn TisSis 
7,90* |75,00!25,00] 100,00 | 3,00 |64,48}35,50! 99,98 }1,80}» » 


* B amekTpomutTe coxepxanocb 3 Ma H,SO, (1,84), 3 r ackop6muHoBott KucaoTs! u 1000 Ma MeTaHowa 


0 

6 =_P 
pal TisSiz 
7 

7 
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Ta Ovni ale 


BuausaHne MMOTHOCTH TOKa Ha CocTaB H BBIXOR dasbi. 
OaexTpomut: 1000 Ma metanona. 15 ma H2SO,4 (1,84), 3 r ackop6unoBol KHCJOTHI. 
(Uccuenyempt cnmaB coyepxan 7,5% Si, npofomKuTembHOCTb onEITa 1,5 4aca) 


Tiserioer, | Butkor ba: Haliqeuo. Bec. % Hatiqeno, aT. % 

TOKa, a/cM? | 3bI, Bec % Ti | Si | Ti+-Si | iy Si | Ti | Si | Ti+Si | TTS 
0,03 42,09 tS), 20 W245 54.\" 99,74 eR05 Jen 35,76) 99,99 the 19) 
0,05 AMI 36) 70,06 |24,64| 99,70 3,04 |64,11|35,88); 99,99 1,78 


B ra61. 1 npuBekeubl pe3syAbTaTbl MHKPOXHMMUeCKOrO aHaJIH3a AaHOJHbID 
HOpowkoB cisapoB Ti — Si. Tlocme anogHoro pacTBopeHua, CUMMeHHEIH C 06: 
pasila MOPOWOK IPOMbIBaJIH MpH WeHTpHdyrupoBaHHuu BoMOli, 3aTeM CHMPTOM F 
BHICYIIMBAIH B TOKe BOLOpoa B KBaplleBOH TpoOupke, Ha MacJInHOM OaHe. Bur 
CYMMCHHEIM OCaOK NoBepraJicA MAKPOXHMHUECKOMY H peHTreHOBCKOMYy aHaulHusy*. 

Mbl TpoBesH MCceoBaHve BJIMAHHA MNOTHOCTH TOKa Ha COCTaB M BBIXO) 
(basbl H YCTA@HOBHJIM, YTO ONTHMAbHaA MIOTHOCTb TOKa HaXOJHTCA B Mpewemay 
0,03 a/em? — 0,05 a/cm? (ra6u. 2). 


* PeHtreHoctpykTypHblit aHains Obi mposegen M. A. Boaxonoil. 
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ee 
_ IIpu naorsoctu toxa 0,1 a/cm? mponcxoguT oveHb CuJIbHOe pasorpeBaHHe 
odpasia. SaMeHa B 3JICKTPOJIMTe KOMMJIeKCOOOpa30BaTeIA ACKOPOHMHOBOH KH- 
‘CIOTHI Ha CYIbPOcaIMUMJIOBYIO TaKKe MO3BOJIAeT MPOBOLUTb OTBbITHI BbILeeHAA 
‘asbl CHIMUNa THTAaHa CTporo CTeXHOMeTPHYeCKOrO CocTaBa (Tad. 3). 


9 


Tao6nauna 3 
, PesybTaTbl MUKPOXHMHMYECKOTO aHaM3a AHOZHBIX MOpPOMIKoB. 
\SnextpomutT: metaHon 1000 ma, 145 ma H2SOy (1,84), 3 r cyabcdocaamuusnoBol KUCAOTE. 
(IInotuoctb ToKka 0,05 a/cm?, mpowomKUTeIbHOCTb onpita 1,5 uaca) 


Hatigeno, Bec. % Hatiqeuo, at. % 
Conepx. Bprxox 
B cnuape, asp, 
Bec. % Bec. % Ti Si Ti-+-Si ABUENS “Abst Si Ti+Si TiS Si 


i 


=. 0,50 12590 | 74,83 | 25,04) 99,87 | A398), 163,62) 136,36 | 995,98 1,74 
B\ 0,75 12,14 |74,70)24,94) 99,64 2,99 | 63,68 | 36,32) 100,00 sb 25) 
=. 2,00 UROL e100 |P2o,08:) ORG 2,08 | 63,09] 36,41) 99,99 1,74 


IlpopeqeHHbIH MaTepHaJIbHO-XHMH4eCKHH OalaHc MpOLyKTOB 93eKTpOH3a 
TIO OTHOWIEHHIO K YOBIWIH BeCa aHOa, MOKa3aBLIH XOpOIMe pe3yJIbTATHI, CuJle- 
JlyroulHi (B rpamMax): Bec cyxoro aHoJuoro nopouka 0,0742; HatiqeHo B Moport- 
Ke Ti 0,0363, Si 0,0043; HaliqeHo B auleKTposIMTe Noce BbIetTeHua cba3sp Ti 
.0,04840, Si 0,0105; Bcero 0,6093; y6niib B Bece aHosa 0,6144. 


MetTogauxka MPa Ke sO aie Kien CokIOPl OF widehva i M3" a 


Hasecky 0,01 r BbicyuieHHOro aHOHOTO MOpOuiKa, B3ATYIO Ha MUKPOBecax, 
TOMeULaOT B WJIATHHOBbIM THIeJib M CIIaBJIAIOT C 5 T TOUHO B3BeILeHHOrO Tep- 
cyibata KaJIMA, KOTOpbI IpHOaBsialoT B Ba npvema. [locue pacnmaBleHua 
TepBOH MOPUMH COJIM THPeJb OXJAKLAalOT, IpHOaBJIAIOT BTOPY!O MOPIHIO H BHOBb 
HarpeBaloT B MydeJIbHOH Teun. CriaBJIeHHY}!O MACCY BBILeJIa4HBaloT B Bose, CO- 
Hepxameh 10 ma H,SO, (1,84) mn pactBop 7BaxK bl BbIMapHBaloT oO rycTbIx Oe- 
JIbIX TlapoB. 

BpIeIMBUIyIOCH KPeMHEKHCJOTY OTPHJIbTPOBbIBaIOT, MIpoMbIBaloT 5% (m0 
o6bemy) Tenioh HCl to orpHuaTebHOH peakIHH Ha COJIM *Kewle3a (Mpoba c KpH- 
CTaJIIMKOM %KeJITOH KPpOBAHOH CoM). DubTpaT CoxpaHsAIOT JIA onpeqeleHua 
THuTaHa. IIpompiTb ocaoK, NOMeeHHbIM B MWJIaTHHOBbIH THTeJIb, BbICYWIMBaloT 
Hu CoxKUTaIOT B Mydbesie mph 1000° nH B3BeIMBaIOT. 

Ocanok cmaugusaioT |—3 kanasmu H3SO,(1: 1) #2mMa HF, octropoxuo BpI- 
MapMBaloT JlocyXa, MpOKaTHBAIOT, OXJAaKLaloT THPeJIb M BHOBb B3BELIMBAIOT. Pa3- 
HOCTb Me2KY MepBLIM H BTOPbIM B3BeEMWIMBaHHeM COOTBETCTBYeT KOJIMYeCTBY KpeM- 
HeBOH KHCJIOTHI. 

XOJIOCTYIO IpoSy MpOBOLAT yepes BCe CTAIHH aHa/IM3a. Onpeesenve THTana 
IIPOBOAHNOCh B (UJIbTpaTe MocJIe KPe€MHHA KOJIOPHMeTpHYeCKHM MeTOAOM 
C MepeKucbio BOsOpoya. 

Bo Bcex HcceOBaHHbIX OOpa3siax ciaBoB cucTembl Ti — Si MeToamMu MUK- 
POXHMMMYeCKOFO HU PeHTTeEHOCTPYKTYPHOPO aHaJIH3a OblIO OOHAPyxXeHO COeMHeE- 
Hue Ti,Sig. 


VWucruryt meratuypruu um. A. A. Batixopa Tlocrynmusio 
AxasemuiH Hayk CCCP 18 V 1960 


/ UHTHPOBAHHAA JIMTEPATYPA 
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1¢58, erp. 224. * P. Pietrokowsky, P. Duwez, Trans. Am. Inst. of Mining 
and Metallurgical Engineers, 191, 772 (1951). *4P.B.lomy6uosBa, Abst. cang., 
Ne 120925, 1959. *® P.B. Toay6muosa, Ast. cBug., Ne 133237, 1960. 
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Jloxknagn AkagemMun nayx CCCP 
1961. Ton 137, Ne 4 


XHMH 


¥O. Wi. KUTAEB, [. K. BYAHHKOB, T. B. TPOENOJIBCKAA 
WM akagemuk A. E. APBY3OB 


K BOMPOCY O KOJIAUECTBEHHOM OWEHKE BJIMAHHA 
3AMECTMTEJIEM HA MOJISPOTPA®HYUECKOE BOCCTAHOBJIEHHE 
HEKOTOPbIX ASOMETHHOBbIX COENTMHEHMM 


Oyuoli 43 HavOosee AKTYaJbHBIX MpoOseM COBpeMeHHOH XUMUH ABJIAeTCA 
YCTaHOBJIeHHe KOJIMYECTBEHHOH B3aHMOCBA3H MexKLy CTPpyKTypoH opraHHyeckuXx 
CoelHHeHHH H UX peakWMOHHOH cnoco6HocTho. B oOulem ciryuae 9Ta 3ajaua BCE 
ellie OCTaeTCA OYCHb CIOMKHOH, OLHAKO YACTHbI€ 3AKOHOMEPHOCTH, OMMCbIBaeMble 
SMIMpH4YeCKHMH JIM MOJIYSMMMpH4eCKUMM YypaBHeHHAMH, BMosHe JOCTYMHBI 
HM J\aIOT BO3MOXKHOCTh YHCJICHHO BbIPaKaTb BJIMAHWE CTPYKTYPbI MOJIeKyJIbI Ha 
peaKUMOHHY!IO cnocoOHOCTb coequHeHHA. IIpexye Bcero 3TO OTHOCHTCA K H3- 
BeCTHOMY lIpaBusty CamMeta, OXBaTbIBaIOUleMy KOHCTAHTbI CKOPOCTH HM KOHCTAHTBI 
PaBHOBeCHA PeaKUHH HYKJIeoPHJIbHOTO 3aMelleHHA APOMATHYeCKUX MpOH3BOL- 
HbIX C 3AMeCTHTEJIAMH B /1- HIM -TosoKeHuN (1~°). Tak Kak Tosaporpadu4e- 
CKOe BOCCTAHOBJIeHHe (PYHKUMOHAJIbHOM pyMMbl MOKHO NpeACTaBHUTb Kak peak- 
IMIO HYKJIeCOPHJIbHOrO 3aMeleHHA, TO, Kak OblIO NOKa3aHO PAJOM aBTOPOB 
(4-"), ypapHenne Tammeta Jia SJIeKTPOXMMMYeCKOM peak MpuHMaerT Cule- 
aytoumnit BU: Eyjo— Eyj.= o'o, rhe Ej, u Eyjo— NOTeHUMabI NOMYBO.IH COOTBET- 
CTBeEHHO He€3aMelCHHOFO H 3aMelLeHHOTO MpOH3BOAHOTO, p’ — KOHCTAHTA 3JIeKT- 
POXMMHYeCKOH PeakKWHH, XapakTepM3ylollad Mepy BOCIPHHMUMBOCTH peakIH- 
OHHOrO WeHTpa (BOCCTaHaBJIMBaloleicA Tpyntbl) K BJIMAHMIO 3aMeCTHTesieH, 
O — NOCTOAHHAA, XapakTepH3ylollaA Mepy BJHAHMA JaHHOrO 3aMeCTHTeA B 
OCH3OJIbHOM KOJIbIle Ha CHOCOGHOCTb K BOCCTAHOBJeHHIO. CrpaBedJIMBOCTb 
ypapHenua Dammeta 11a HeoOpaTHMblx peakIMi, B YaCTHOCTH 1A HeOOpaTuMmoro 
NOJAporpauyeckoro BOCCTAHOBJeHHA, COOOAaeTCA TOJbKO pH Noywexuw 
JaHHBIX [JIA CepHH MpOH3BOAHEIX B COBEPINeCHHO OJMHAKOBbIX YCJIOBHAX. 

IIpasuno Tammeta B nodaporpaduu okasaslocb CIpaBelIMBbIM He TOJbKO 
[WIA APOMATHYECKHX COeAMHEHHH (TPOMOJOHbI, SeH3abAerufsbl, alleTodeHousl, 
OeHSOeHOHEI, HUTPOCoeAMHeHHA, az06en30ubl, Tamumusbi) (4,5), HO H asa re- 
TepoluksMueckux (°,1°) (THodeH, CenenodeH, MHppos, Pypan, UMpHAMH, THa- 
30J1, COM TeTpasovIMA), XMHOWJHBIX (’) H mceBoapomaTuyeckux (4) (a3yseHst, 
CHHOH!) CoequHeHH. Bo3MoxxHOCTH NpHMeHeHHA MpaBusa TamMeta B NosApo- 
rpapuu opranvyueckux CcoeqMHeHH BecbMa MHOrooOpasubl. Bo-nepBbIxX, OHO 1103- 
BOJIAeT MpeACKasaTb NOMAporpaduyeckoe NoBeeHve ONHHX MPOM3BOMHbIX 10 
BeJIMYHHAM, OMpeeJIeHHbIM JI APyrHX; BO-BTOPbIX, HM MOKHO MOJIb30BaTbCA 
AJA UACHTHPUKALMM COeHHEHHH B CMeECHX, B TOM 4HCJIe HM H30MepoB, AIA oMpe- 
AeJeHHA KOHCTaHTbI PaBHOBeCCHA Mp H3BecTHOM p’ (77) 4 AIA KOMM4eCTBEHHOH 
OUCHKH BJIMAHHA 3aMeCTHTeJeH Ha JIEKTPOAHBIN Mmpollecc. 

C lWeuIbiO KOMMYeCTBEHHOH OLeHKM BJIMAHUA 3aMeCTUTeNeli Ha BOCCTAHOBJIe- 
HMe COCMMHEHHM, COMep2xKalllMX a80MeTHHOBYIO FpyNNUpOBKy, MbI IIpHMeHHIH 
ypaBuenne lammera k nomaporpacbwueckoMy BOCCTaHOBJIeHHIO (PeHUJITH Ap asOHOB, 
CeMH- HW THOCeEMHKapOa30HOB HEKOTOPHIX apOMATHYeCKHX aJibserufos. Bp u3y- 
YeHbI IPOHSBOJHbIe OeH3OHHOTO, KYMHMHOBOFO, m-7MMeTHJlaMMHOOeH3OHHOrO, 
n- W M-HUTPOOeH3OHHOFO aJblerHOB, a TakxKe alleTotbeHoHa HM N-xsOpalleTo- 
penoua. Ilonaporpaduyeckoe usyyeHve yKasaHHbIX CoeMHeEHHH MpoBosHsOCh 
B 20% MeTaHOJIbHO-BOJHBIX pacTBopax C KOHWeHTpalHeli 10-4 M/1Ha one ocdpat- 
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Taodanma 1 


Uncao anext-| t& yraa Hakso- HEX 
pene A30Me€THHOBOEe 0 UPS GA hus at eee 
ru POUSBOREOE BYIOU\UX B BOC- i d pil 

CTaHOBJeHHH E=f(ig idl ) 

1 |@Menuarugpa30n 6ensaubJe- 

rufa 1,80 0,048 0,050 
2 | Dexuaruzpason anerodenona 41,94 0,062 0,038 
3 |Cemukap6a30H aerodenona BO) 0,070 0,043 
4 | Tuocemukap6a30H OeH3ambe- 

raya ioe 0,056 0,055 
5) | THocemukap6a30H = alleTodpe- 

HOHA 2,09 0,060 0,033 


i HO-OopaTHoro Oydepa c pH 6,0 npu 25°. B ta6x. 1 npuBezenbi pesybTatbl MUK- 


» 
' 


. 


pOKyJIOHOMeTpHyecKoro H MoAporpaduwyeckoro UWCCMeqOBAaHHA HEKOTOPbIxX H3 
BbILMeHASBaHHbIX ASOMCTHHOBbIX IIPOH3BOQHbIX, KOTOPbIe€ MOKA3bIBaIOT, YTO Kak 
(PeHHJITHApasoubl, TaK H-CeMH- H THOCe- 6 
MHKapOa30HbI BOCCTAHAaBJINBaIOTCA 110 122 
OJHOMY H TOMY Ke MeXaHH3My. 


Bpiio HalieHo Take, 4ToO uNCIO 118 
QJIEKTPOHOB, HAYUMX Ha BoCccTaHOBJIe- } 114) - 
He HUTPOrpyNlbl y MPOWSBOLHbIX N- Ho ‘ay : 
M-HUTpOGeH3aJIbAerHoB, paBHO UeTH- ~ 110{4-NHOH 
peM, T. €. HHTpOrpymMbl B HHX BoccTa- 


HaBJIMBaIOTCA JO ruypokcusamunua. IJo- 106 si ——— 
oe of 02 03.04 05 U6 
3TOMY Mbl paCCMATPHBAaJIM BJIMAHMe Ha =f 


NOJApPOrpamuyeckoe BOCCTdHOB 
porpad Rai a Puc. 1. / — deunsrugpasonni, 2 — THO- 


pe — N—cpa3u y MIPOM3BOAHBIX HUT- CeMHKap6a30HbI, 3 — CeMHKapG6a30Hbl 


poOeHsaibjervyoB He HUHTpOrpylnbl, a Tu-poKcHmamMHHHol rpyunbl. 

Ha ocHoBaHHy MOJIYYeHHBIX 3HAYeHH NOTeHIMaOB NOJyBOJIH, MpHBeeH- 
HbIX B TAO. 2, OLIN MOCTpoeHbI rpaduKH B koopAUuHaTax Fy, u o (B eMHUMLAX 
Tammeta) (?). Kak puyquo u3 puc. 1, uw B 9THX CyYAaAX HaGmOMaeTCA yOBJeTBO- 


_ pHTeJIbHaA JIMH€HHAA 3aBHCHMOCTb Mex] Y MOTeCHIWMaaMH TOJIYBOJIH H 3Hade- 


_— 


HHAMH O 3amecTuTewenH. Ilo yruly HakKJIOHAa MOJITYYeHHBIX TIpAMbIX OblIM oNpesese- 
HbI 3Ha4eHHA p’, IPHBeeHHble B TAO. 3. SHaveHHe p’ IA CeMHKapOa30HOB apo- 
MaTHY¥eCKHX aJIbAervJoB O1H3KO K BemMunHe 0,12—0,13, HaligqennHou [IupcHoom 
Jit CCMMKapOa30HOB HeKOTOpbIX OeH30ceHoHOB (*). IlomyueHHble HaMH 3Haye- 
HHA p’ OTHOCHTeJIbHO HEBEJIMKH, T. e. BIIMAHHeE 3aMeCTHTeJIA Ha BOCCTAHOBJIeHHe 
a30METHHOBBIX py] B H3SYYeHHbIX COCMHEHHAX ABJIACTCA CPaBHHTeJIbHO He- 
3HAUHTeEJIbHBIM, TIPH4eM CTeMeHb STOTO BJIHAHHA, 3aBUCAULaA OT OCOOeHHOCTeH 


Wao tae 


” 


Toren Hasibt NOJYBOJH B BOJbTax 
OTHOCHTCJIBHO H. K, 9. 


m.. Kap6oHHAbHOe coeqHHeHHe 
denuu- THOCeEMHKap- aad 
PH Jp a3ou 6a30H CeMHKapOason 
4 | Bensonubilt anbyernyz —1,065 —1,440 —1,122 
2 | n-Mzsonponun6ex30HHbI avibJje- 
ray —1,068 —1 ,123 —1,138 
3 | n-TumMetusaMuHooeHsoHHbli 
auIbyeruy Al OW) —1,150 —1,190 
4 | n-Hutpo6en30Hubli ambyerny —1,070 —1,144 —1,174 
5 | m-HurpoOeH30HHbIH ablerny 41,068 —1,115 —1,130 
6 | Anetocenou =—4 5170 —1,210 —41,276 
7 | n-Xaopaneropenou —1,154 —1,162 —1,220 
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TIpOBOAAMeH CHCTeMbI CBA3€H B MOJIeKyJle, BO3pacTaeT B PAY enuruspaso- 
Hbl — THOCeMHKapOa30Hbl — CeMHKapOasouHbl. 

QNeKTPOHHAA CTPyKTypa BCeX HCCJIeAOBaHHbIX COeHHEHHH XapakTepus3yer- 
CA TPM-CONpAKeHHeM H OTHOCHTEIbHO OOJIbLIOH MOABY2KHOCTHIO OOOOILECTBJIEH- 
HOO 9IEKTPOHHOFO OGaka HX MOJIEKYJI, IJIOTHOCTh KOTOporo HavOowlee BbIPOB- 
HeHa B Clyuae (eHHJITHApasoHOB 


STO CBA3aHO C HaJIHYHEM BTOPOTO PeHHJIbHOFO palNKaJla B KOHL COMpAKeHHOH 
menu. Tak Kak BOCCTaHaBJIMBaeMad A830METHHOBAA CBA3b HAXOJMTCA He Ha KOHILE 
Ie COMPsSKeCHHA, a ABJIACTCH JIMUIb OLHHM M3 MepeatollMX S3BeHbeB STOH Menu, 
TO TOL BJIMAHHEM TOFO HJM HHOFO 3aMeCTHTeJIA B PeCHHJIBHOM KOJIbILe HCXOAHOTO 
aJIberua ee IIEKTPOHHAA MJIOTHOCTh H3MeHAeCTCA HE3HAUHTEJIbHO, YEM H OObAC- 
HAIOTCA JLOBOJIbHO OJIM3KHe 3HAYeHHA MOTeHIHAaJIOB MOJIYBOJIH MPpOW3BO]HEIX 3a- 
MeIN[CHHbIX H He3aMeIICHHbIX KapOOHWJIbHbIX Coe,HHeHHH. 
Ta6auua 3 


| e’-KOHCTaHTa PeaKILHH BOCCTAHOBJeHHA 
\ 
>C=N’ cBa3H 


NoNe| ae 
TW. Kap6oHHabHoe coesANHeHue 
dbeHHsrHApa- | THOCeMHKap- ceMHUKap- 
30HbI 6a30HbI 6a30Hbl 
1 | Apomatuyeckne aubyeru yer 0,004 0,094 Opi37Z 
2 | AuerodeHouni 0,070 0, 208 0,244 


CemMH- WH THOCeMHKapOa30Hbl, B OTJIMUHE OT (peHHJITHApas0HOB, UMelOT Ha 
KOHWe WenH COMNPAKeCHHA SJIEKTPOOTPUMaTeJIbHble ATOMbI KHCJIOpOa WH Cepbi, 
HallpaBJIeHHe BO3SAeHCTBHA KOTOPHIX Ha MovleKkyJly CorsacyeTcaA C HallpaBJIeHHeM 


\ 


novspu3saluu pe = N — cBa3M HC BAMAHMeM 3JIEKTPOHOJOHOPHEIX 3aMe- 
CTHTeJeH B CPeHHJIbHOM Alpe MH BbISLIBAeT CABUT OOOOULECTBJIEHHOTO 3JIEKTPOHHO- 


ro o6aka B HX CTOpOHy. 
= ~ 
Zc E ike Dis 
ee ae 


OTOT CIBUP 3HAaYMTe/bHee Y CCMUKAapOa30HOB, TAK Kak Oouee JIEKTPOOTPHILaTeJIb™ 
HbIM, MO CpaBHeHHIO C CepOH, ATOM KHCOPOa BLI3bIBaeT OOJIbINYIO ACHMMeETPHIO 
SJIEKTPOHHOTO OOJIaKa COMPAKeHHbIX CBA38eCH MOJIeKyJIbl H CHJIbHee BJIMAeT Ha 
SIIEKTPOHHYIO IIJIOTHOCTh a30Me€THHOBOH FpYyIMMpoBKH. 

Takum o06pa30M, BJINAHHe 3aMeCTHTeIA MpOABJAeTCA B OoOJIbINel Mepe WA 
CeMUKapOa30HOB, YeM VIA THOCEMHKapOa30HOB UM (PeHHJITHApas0HOB KapOOHHJIb- 
HbIX COCAMHEHHH. 

Hekotopoe yBeJIMueHHe 3HaUeHHH p’ JIA AS3OMETHHOBLIX IIPOMSBOJHBIX alle- 
TOPCHOHOB MOXKeT ObITh OObACHEHO BJIMAHHEM MeTHJIbHOTO paqukasa, Hap yuiato- 
IIMM OTHOCHTeJIbHO BbIDOBHeEHHY!IO IVJIOTHOCTb 3JIEKTPOHHOTO OO6JIaKa CHCTeMbI 
CONPAKCHHBIX CBAZeH HW YBCJIMYMBAIOULHM 3JICKTPOHHYIO IJIOTHOCTb a30MeTHHO- 


BOH IpyNNHpoBKH. 
oi P 
&_Secaitind 
x= 


y 
CH; 


x. 


e 
Tlostomy 93JIeKTpoHHaA MVIOTHOCTS pe = N — cBsaselt cnoco6na jerko W3Me- 


HATbCA MO BJIMAHMeM 3aMeCTHTeIA B eHHJIbHOM AApe. B caly4ae MpOW3BOAHBIX 
N-XNopalleTOPeHOHa S/IEKTPOOTPHILATeMbHbIt ATOM XJopa jelicTByeT B HampaB- 
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N€HHH, MpOTHBOMOJIOXKHOM HalpaBJIeHHIO NOJAPH3alNH a30MeTHHOBOM CBASH, Hu 
MPOBOAMT K YMCHBUIeHHIO ce 9JIEKTPOHHOM MJIOTHOCTH, T. €. OOeruaeT NOMApO- 
rpaduyeckoe BOCCTaHOBJeHHe. 

HsyueHuble as0MeTHHOBLIe MPOH3BOAHbIe HUTPOOeCH3aJIbAerHAOB MOXKHO pac- 
CMaTPpHBaTb TaK Ke, KaK 3aMCLIeCHHbI€e apOMaTHYeCKHe HHUTPOCOeAHHEHUA. 
[losToMy MOJIyYeHHbIe HAMM JaHHbIe MO3BOJIAIOT PeWIMTb H OOpaTHYy!O 3aqauy — 
BHIYHCIMTb 3HAYeHHA O JIA PeEHHJITMApasoHHOrO, CeMH- HM THOCeMHKapOa3OHHbIX 
3AMeCTHTeseH MO peaKIMM SICKTPOXHMHYECKOFO BOCCTAHOBJICHHA HUTPOrpynnbl. 
B ra61. 4 npuBeyeHbl BbIUMCJIeEHHbIe MO pa3HOCTH MOTeHIMaJIOB MOsMyBOUIH 3aMe- 
MleHHOTO HW He3aMellleHHOrO HUTPOOeHSOJIOB 3HAYEHHA O STHX 3aMeCTHTeVel pH 
ycloBuv, 4To p’ = 0,16 (5,8). 


Ta6Omuna 4 
—E1, B (oj 
Jal SaMecTHTeJb “ 
Tlapa- MeTa- Hapa- | MeTa- 
{ = —0,480  , 0 
2 < omay, 0,340 | 0,356 | +0,88 | +0,78 
H 
3 esha eset 0,350 0,378 +0,84 +0,64 
H Ss 
4 | —C=N—NH—C_NH, O,250-—- 0,373) | 0,680.01 1-0, 67 
H oO 


Haiifenupie TAKUM OOPa30M 3HaYeHHA O Pa3JIMYHBIX 3aMeCTHTeVeli, CoepxKa- 
WMX a30MeTHHOBY!10 TpyNNHPOBKY, OKa3a/IHCb BeCbMa OIM3KHMH MO BeJIH4HHe, 
T. €. OHM OKA3bIBalOT Ha BOCCTAHOBJIeHHe HUTPOrpynnbl MpakTuyecKkH OAMHAKO- 
BOC BJIMAHHe, MepeqaBaemoe Yepes CHCTeMy -cBA3eH OeH30MbHOrO KOVIbILa. STO 
TaKKe CBUJeETEMbCTBYeT O CXOACTBE SJIEKTPOHHbIX CTPyKTyp 3THX.3amecTHTeveli 
C Mpn-cOmpmKeHHOH CHCTeMOM CBx3eli, OOAaLalollel OTHOCKTebHO GovIbulOH 
NOJBMXKHOCTHIO OOOOILeECTBJICHHOFO SJIEKTPOHHOFO OOwIaKa. 

B saksl0ueHve HeOOXOAMMO OTMeCTHTb, 4TO 3HaYeHHA p’ UO, MIpHBeqeHHbIe 
B HaCTOMIleH paOoTe, ABJIAIOTCA OPHEHTHPOBOUHBIMH, TaK KaK OHH Obl Movly4e- 
HbI pW W3y4eHHH HeOOMbINOrO HCA COeqMHeHMH, H, Oe3yCcIOBHO, Hy2KJaloTCsA 
B YTOUHEHHH. 


Xumuueckui uncruryr um. A. E. Ap6y3o0za Tlocrynuao 
Kasanckoro @ujiuata Axajemau Hayk CCCP 2 1 1961 
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XHMHA 


B. A. KOMTHOr, HW. C. HCAEB u 4sen-koppecnonnent AH CCCP H. H. BOPO)KILOB 


METO] PACITENJIEHHS TOJTYOJIA-C“% C WEJIbIO ONPEAEJEHUA 
NOJIOKEHHA METKH B APE 


IIpH u3sy4eHHM MpolleccoB H30MepH3allHv apoMaTHYeCKHX CoeMHeEHHM Tepe- 
MelleHHe MUIpupylolel rpynmb! OObI4HO ONpederAeTCA MO OTHOIMEHHIO K Apyro- 
MY 3AaMeCTHTeJIIO, HMelOUleMyCA B TOM we MOJIeKyJe. Tak, MexaHH3M MMrpallun 
AJIKHJIbHOM TpyNMbl B IPOWSBOAHbIX OeHsO/1a H3y4aICA Ha IIpHMepe H30MepH3a- 
HH JMaIKHIOeH30JIOB HM B YaCTHOCTH KCHsJIOoOB. CreflyeT, OMHaKO, HMeTb 
B BUY, YTO MpHCyTCTBHe B ApOMATHYECKOM MoOJeKyJIe BTOPOro 3aMeCTHTe/IA MO- 
*KeT CYIECTBEHHO OTPaSHTbCH Ha XapakTepe M HallpaBeHHH MepeMellleHHA MH- 
rpupylolieli rpynmbl, H NOSTOMY K BLIBOaM O MeXaHH3Me, C/\eJaHHbIM Ha OCHO- 
BaHHM MOAOOHBIX HCCJIeOBaHHH, HAO OTHOCHTECA C H3BECTHOM OCTOPOXKHOCTHIO. 

B cBa3u C STHM Ip HCCJIeLOBaHHM MpoOleccoB H30MepH3alluu pekcTaBsAeTCA 
WesecooOpa3HbIM OWeHHBAaTb MyTH NepeMeleHuA MHIpupytiowleli rpynMbr He oT- 
HOCHTe€JIbHO BTOPOFO 3aMeCTHTeJIA, A MO OTHOLECHHIO K OJHOMY H3 ATOMOB Afpa, 
MOMe€YeHHOMY palWOaKTHBHBIM yrviepogom C14, STor mMeTo Oplul HCNOb30BaH 
HaMM, B YAaCTHOCTH, NpH W3yYeHHH MeXaHH3MOB MurpallMu 3amectTuTesen (Cl, 
CHs, HOsS) B npou3BosHbIxX Haptasnua (1~*). CemaHnble B Xofe TUX paooT Teo- 
peTHuecKHe 3aKJIOUCHHA HeJIb3A, OJHaKO Oes0roBopoyuHo MepeHecTu Ha Mpowec- 
Cbl H3OMepH3allHH CoeMMHeHHH OensO/IbHOrO psa, MOCKOMbKy HacbTasMHOBoe 
Apo oTMM4aeTCA OT OCH3OJbHOTO 3HAYHTeJIbHOH JOKAaIM3alNel DBOMHEIX CBHA- 
sel (4). LlocuefHee NOOYAM0 HAC IPHCTYNHTb K M3YIeHHIO H3OMepH3allHH MOHO- 
3AMCLICHHEIX IIPOMSBOMHbIX OeH30J1a, MCYCHHBIX palMoyriepoysom, WH Mpexkle 
Bcero Toulyoua-1-C', uMelolleroca B HaCTOsIee BpeMA B Mposaxe (°). 

Jaa TpoBeeHusi HaMeYeHHOFO MCCIeqOBaHHA HeOOXOAHMO GbIIO paspabo- 
TaTb MeTO paclielieHuA ToJyoua-C™, KOTOpbIH MO3BO/A Obl NpOBOAUTb pas- 
leMbHoe ompeedenwe PpaqWOaKTMBHOCTH KaxKJoro aTOMa GeH30NbHOrO spa. 
Korga 9Ta uacTb padoTbl Oblia yKe 3aBeplieHa, NOABHOCh CoobuleHHe TosMaHy- 
CKUX uccuefoBaTeiel (°), TakwKe paspaOoTaplux MeTOA paciienseHHA Toyo- 
ga-Cl4, DtoT OpHrWHaIbHbI MeTOA OCHOBaH Ha ipeBpallleHuu Tomyona NyTeM 
HUTPpOBaHHA WH OKHCJICHMA B CMe€Cb HUTPOOeH3OHHEIX KuCJIOT. M3 2To cMecH 
BEIACAIOT MHAMBULYaJIbHble O- H N-HUTPOOeH3OMHbIe KHCJOTHI, BOCCTaHAaBJIN- 
BalOT HX JO COOTBETCTBYIOWUX AMMHOOEHSONHEIX KHCJOT HM IpeBpamlaior flaviee 
mo peakunu Cxpayna B H30MepHble KapOOHOBbIe KMCJOTHI xMHOMHHA (I u II). 
OxucyieHve nNoculeqHUX H CTyMeHuaToe AekapOOKcHJIMpOBaHHe OOpasyIOlluxca 
XMHoOuMHOBEIX KucOT (Illa u III6) nosBouseT BEimenvTS B Bue yrueKHc0ro 
raga KaxKIbI aTOM OeH3O0JIbHOrO Apa Tosyona: 


COOH : 
N HOO 
\ 
CH 
3 
oe VA HOOC 
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JlocToBepHOCTh pe3yJIbTaTOB, OJlyYaeMbIX TIpH oMpeleieHHu pacnpesesie- 
HHA pavoyrvieposa B Oe€H30JIbHOM Ape C MOMOLIbIO FaHHOFO MeTOM4, 34BHCHT 
oT NOJIHOTH! PasleeHHA HHTPOOeCH3ONHEIX KHCJIOT H OT CeJIEKTHBHOCTH JeKap6o- 
KCHJIMPOBaHHA XHMHOJIMHOBOH KHCJIOTHI. 

B mpefaraemom HaMH MeTose paciiienmeHua Tosyoma-C!4 ucnomb30BaHbl 
naHHbiIe Bb. A. Kasancxoro u H. ®. Inyuinepa, noka3aBuIMx, 4TO TOyOR mpH 
BoccTaHoBseHuH Ca(NH 3), npeppaliiaeTcd pevMyllecTBeHHO B 1-MeTHJIWMKJIO- 
rexceH (IV) (*) (cm. Takxxe (81°), 1-MeTHalHKOreKCeH OKHCJIAIOT Jasiee Mep- 
MaHranatoo (14) wu nosyaeHHyto0 KeTOKNCuoTy (V) BOCCTaHaBJIMBal0T 0 JHAHTOBOH 
KucsOTEI (V1): 


Cts CHy 
| 
Wie 2 ! wie) es 2 
—_ —> CH,CO(CH,),COOH —» CH,CH,CH,CH,CH,CH,COOH 
"NX ; (Vv? (VI) 
(HV) 


TlociexosaTeibHoe yasieHHe aTOMOB yrviepofa U3 MOJIeKyJIbl 2HaHTOBOL 
KHCJIOTLI JiefKO JOCTHFaeTCA C MOMOIIbIO OMMCAHHIX B JIMTepaType mpMemos 
(12,13) Hamu [id STOW WesM Obla HCNOMb3OBaHa CleqyIoulad Cxema: 


RCH;COOH — HCH2,COCsH; — RCCOCsH; — RCN + CsH;COOH 


(VII) {! (VIII) | (1X) 
NOH 
RCONH; — RCOOH 
(X) (XI) 


KupuHyl0 KHCJIOTY TipeBpallaioT yepe3 XJOpaHrHApuy mo peakunu Dpuse- 
aa — Kpadtca B ankundenuiketou (VII) nw ero a-H30HUTpO3OMpon3BoOsHOe 
(VIII) nogBepratoTt neperpynnuposKke Bexmana II poga felicTBuem KOHUeHTpH- 
PpOBaHHOH CepHoH KHCsOTHI (cm. (7*)). OOpasyromlulica npH sToM HUTpH (1X) 
B yCJIOBHAX peakUMM FuApoMMsyeTcA B aMHy (X), KOTOPbIIi BLIMeAIOT H TlocJie 
OUHCTKH MOABeprawT AalbHehWiemy THApoMM3sy B wKupHyIO KUCMOTy (XI), co- 
Hep2Kalllylo Ha OJMH ATOM yrviepoda MeHbIe, YeM HCXofHAaA KHCsOoTAa. JLanbHeli- 
mee yKopoueHve Wel NOJyYeHHOH KHCJIOTbI MpOBOAMTCA MOBTOPpeHveM 9STOL 
SepHH Onepallun. OTUenAeMbIH OT MOJIeKYJIbI KUPHOH KUCJIOTLI ATOM yruleposa 
uxcupyeTca B KapOOKCHJIbHOM rpynne OeH30HHOK KuCJIOTHI. M3mMepeHue palHo- 
AKTHBHOCTH OOpa3lloB STOM KUCJIOTbI, NOJIYYeHHbIX B XOJe paciilenvJieHHA, M03- 
BOAeCT ONpeLeIHTb pacnpefeneHne pafuoyrmepogza B MOJeKyse TOMyoma-C™. 

Ilpeqaraembii MeTO paciienweHvA mpurofseH HW AJA Apyrux aKusOeH30- 
MOB, M@€YCHHEIX paHOyrvieposlom. 

B Hactostlee BpeMA TpyAHO CKa3aTb, KaKOH M3 AByX MeTOJOB pacilenue- 
aua TOMyoma-C!* yno6Hee. OTBeT Ha STOT BOMPOC MOXKHO OyLeT JaTb TOJIbKO Moc- 
Te MpakTHYeCKOFO MCNOIb3OBaHHA UX DA ONpeleseHHA NOMOMKeHUA paMoyr- 
Jepofa B MposyKTax H30MepH3alun amkuOeH300B-C'. 


QKRCNeEPHMEHTAMABHAA WacTh 


BoccTaHoBsmeHHe TOMYONA. B Kon6y PaBopcKoro emKocThO 
300 ma 3arpyxatoT 20 Fr cTpyxKekK MeTasIMYeCKOrO KaJIbIMA MH Yepes TpPyOKy, 
[OXOMAMLyIO AO AHA KONObI, MpomycKaloT TOK cyxoro amMMuaka (OCyLINTeIb — 
‘BepAbI elkuH KaH) WO MpekpalllenuaA norsomenusa ero. [Ipupec coctTapiset 
(0O—85% or paccuvtanHol Ayia Ca(NHs), Beanunubl. K nosyyennol TBeplot 
lopuctoh macce Ca(NHs), u3 KaneabHOol BopoHKH 3a 0,5 4uaca npHOaBnAwT 
2 © TosyoNa, HW CMeCb OCTABJIAIOT Ha DBOe CyTOK IIpH KOMHATHOM Temnepatype. 
Ip nocwenyrouleM HarpeBaHHH CoxepxuMoro KoMObl Ha MeTasIMYeCKOH OaHe 
io 300° oTronseTcaA OeCUBeTHaA XUAKOCTb, H.-K. CMeKTp KOTOpOH ueHTHYeH 
Mektpy 1l-mMeTHUMKsOreKCceHa, NOJYYeHHOTO HCXOAA M3 WHKJOreKcaHoHa M0 
\4). Burxom 1-mMeTHmWuksoreKkceHa MpH BOCCTAHOBJeHHH Tosyoma CocTaBAeT 

5—50%. 
1) 8* 867 


Ecau Aid BOCCTaHOBJICHHA OpaTb BABOe MeHbUle KaJIbIUMA, T. e. 2 T-aT. Ha 
1 Momb TOyoNa, Kak 3TO peKOMeHJOBAaHO B (”), TO B MpoAyKTe BOCCTaHOBJIeHHA 
(spixon 80%) cogepxKUTCA 3HaYHTebHOe KOJIMUeCTBO ToJyona (CM. TakxKe 
Coach : 

d-AmeTHJ-H-BasepuHaHoBaa KUCAOTA (V). B Tpexropzyo 
KOJOy, CHaOKeHHYIO TepMOMeETPOM H Melliankoli, 3arpyxkaioT 4,4 © |-meTHHK- 
jloreKceHa, MOsy4eHHOrO BOCCTaHOBJIeHHeM Tosyoua, H 110 Ma Bosbl. 3aTem npH 
9HeprHYHOM pasMelIMBaHHH, NoLepKUBaAA OXaKLeHMeM TemMepatypy 0—2°, 
IpHOaBuAI0T B TeyeHHe 6 vac. 17,8 Fr MeKO H3MeJbYeHHOrO NepMaHranata Kalua 
HW PpeaKMMOHHYIO MaCcy OCTAB/JIAIOT Ha HOYb Ip KOMHaTHOM Temmepatype. Oca- 
OK JBYOKUCH MapraHila OTPUIbTPOBbIBaIoT H TIpombiBaloT 100 Ma ropsxue BoE. 
O6veqUHeHHEIA PUIbTpPaT U3BeKaIOT SPUPOM, PacTBOpAIOT B Hem 150 r cysba- 
Ta AMMOHHA HW MOAKUCAAIOT COJAHOH KHCJIOTOH. BbifeMBULyIOCA KeTOKHCJIOTY 
9KCTparMpyioT SPUpOM MH MpeBpallaioT no OGbIHOH MeToAuKe (1°) B Cemukap6a- 
30H. Buixog 4,0 r (64%), T. nu. 110—125°; nocme nepekpucTamM3alMH M3 BOJBI 
2.47, T. na. 141,5—142,5°. Cormacno (1°) T. mu. cemukap6a30na 6-alleTHI- 
H-BaslepHaHOBOH KHCsoTH 144°. 

DuauntTospaa Kucnota (VI). 1,5 r cemuKap6a30Ha HarpeBaloT 
c 1,8reqKoro Kam BO Mi AMSTHeHTIMKOJIA B TedeHHe 15 uac. IpH Temnepatype 
6anu 200°. Cmecb BLIMBaIOT B BOLY, HeitTpamu3ytoT 15% conAHOH KHCOTOH U 
BLIAeIMBUIYIOCH SHAHTOBY!O KUCJIOTY U3BseKaloT 3adupom. Brixo, ~100%. 
V.- kK. cMeKTp MOJyYeHHOH KUCJIOTbI NOJIHOCTbIO HAeCHTHUeH CMeKTpy mpodaxk- 
HOM 9HAHTOBOM KHCJIOTHI; HACHTHYHLIMH OKa3aJIMCb H UX S-GeHSHJITHYPOHHeBbIe 
comm — tT. ma, 145,0—145,5°. 


Haligeno %: N 9,53; 9,70 
CisHoaN2,02.S. Bpruucneno %: N 9,46 


PacillelieHHe 9HAHTOBOH KHCJIOTHI MpoBoszuTca mo (1%) yepe3s sHaHTO*eHOH 
(BEIxog 80%) Mu G-H30HUTpOsO3HaHTOeHoH (BbIXOA 32%) Lo aMHa KanpoHoBou 
KHCJOTHI (BEIXOA 80%) u 6eH30HHOM KuCOTH. AMA KaNpOHOBOH KHCJIOTHI Jasee 
THAPOMM3yIOT ZO CBOOOAHOH KHCJIOTHI H WHKJI MOBTOPAIOT. 


HosocH6upcKH WHCTHTYT OpraHvyecKOH XHMHH Tlocrynusio 
Cu6upceKoro oTfeieHua AxkanemHH HayK CCCP 7 1 1961 


MockosckHH XHMHKO-TexXHOJIOrHYeCKHH UWHCTHTYT 
uM. JI. VU. Menzeneesa 
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XHMHA 


B. HW. KY3HEWOB u E. C. YJIbBAHOBA 


PAJMAUWMOHHO-KMHETHYECKHH METO ONPEAEJIEHUS 
YJIDTPAMAJIBIX KOJIMYECTB MOJIOHUA* 


(ITpedcmaeaeno akademuxom H. B. Taxaxaeesim 16 XI 1960) 


Croco6HocTb nepHoquy-HOHOB faBaTb APKHe IBeTHBIe TReEpMOdasuble peaK- 

WHH (') H MeHbUIad CMOCOOHOCTH K ITOMY MOMM-HOHOB MOXeT ObITh HCIO/Ib3 OBAHAa 

AJA POTOMETpUYeCKOrO OMpeeIeHHA OYCHb MaJIbIX KOJIMYCCTB 4YeTHIPeXBaJeHT- 
Horo momoHusa (Po). ‘ 

STo yfaeTcA OCYIIECTBIATb B pe3yJIbTaTe KOMOMHHPOBaHHA HeCKOJbKUX 
MpoOweccoB: Mpolecca coocaxKeHHA MOJOHHA, BbI3BAaHHOrO 3THM yCKOpeHHOro 
AOKAaIbHOTO pasHOH3a HOLNMOB, OOpasoBaHuA MepHOHbIX AHHOHOB U IBeTHOM 

_TBepfopasHon peakIHH STHX AHHOHOB C KATHOHOM OyTHIposxamuHa **. MoxHo 
moqoOpaTb Takve KOHICHTpallun HOLMAOB WH OyTHpOLaMuHa, Mp KOTOPbIX IBeT- 
Had TBepopasHaA peak, BbISbIBAeMaA OOPa3OBaHHeM CYyCIIeH3HH HepacTBO- 
pumoro Hosusa KaTHOHAa OyTHIposamuHa, OyeT NpoTeKaTb TOJIbKO B He3HAaUH- 
TeJIbHOH cTeneHu. Ho B KaKOH-TO cTeMeHH OHA MpoTeKkaTb OyfeT, H Ha BO3HH- 
KalouluX KPHCTaIHKax HOfna OyTHIpoOsamuHa, NO MpaBusam coocaxKjeHHA 
¢ OpraHHyecKHMH coocayzuTenamu (7), OyfeT OcaxKaTECH 4eTHIPeXBaJICHTHbIM 
NOJOHHHK B BUMe MeHTa- HIM reKcaloyonononnta (*) OyTHIpOsaMuHa. STO OKAaJIb- 
Hoe MOBbILMeHHE KOHICHTpallHH NOJIOHHA Ha KpHCTaHKax HoLuga OyTHIposa- 
MHHa BbI3bIBaeT YCHJICHHbIM JOKAa/IbHIM pawMonH3 HOLMA-HOHOB, MpHBOLALMi 
K OOpa30BaHHlO 9/IeMeHTapHoro Hosa U Jaee nephosuna. TlocmeqHui BBISHI- 
BaeT MepeBO, B HePpaCTBOPHMOe COCTOAHHE HOBLIX KOJIMYeCTB OYTHJIpOLaMuHa 
H TCM CaMbIM yCHJieHHe WBeTHOH TBeEpAOasHOH peaKUHH, BbISBaHHOM OOpasoBa- 
HHeM KPHCTa/JIHKOB Tenepb yxKe Nephosuya CyTHIpOwamMuHa. OTH KpUCTAaJWIAKU 
BbISbIBAaIOT COOCAKNeHHe JOOABOUHHIX KOJIMYECTB MOJIOHHA, H Mpouecc TeyeT Ma- 
wee, MpescTaBsaad COO, CeAOBATEJIbHO, CAMOYCKOPAIoONlMcA Mpouecc. 

BaXkKHO OTMeTHTb, 4TO JIOKaJIbHOMY MTOBbILNCHHIO KOHI[CHTpallHH MOJIOHHA 
CONMYTCTBYeT OMHOBPeMeHHOe JIOKAJIbHOe MOBbIMeHHe KOHIeHTpalun mMephosuya 
B KpHcTauKax NepHosuyla OyTHpoyamuna. BesegcTBue storo B OOpasylouleH- 
CA reTeporeHHO CHCTeMe PafHOH3 MpOTeKaeT CHJIbHee, ueM B TOMOFeHHOH CH- 
cTeme Takoro xe cocTaBa. Kak OyeT BUAHO U3 JasibHelulero, TO HMeeT HEMAaJO- 
BaxkHOe 3HaueHHe JIA UYYBCTBUTeJIbHOCTH MH OCOOeHHO Jia H30HUpaTeJIbHOCTH 
peakuuu. Tak, Onareqapa STOMY OKa3bIBaeTCA BOSMOXKHEIM OMpeeJIATb NOOHHH 
Ha (pone mpeoOaalouluX KOJIMYeCTB HEKOTOPbIX APyrux a-nssyuaTeen. 

HU360upaTeAbHOCTHEL RenucTBuaA peakiun. | |BeTHbIe 
TBepfoasuble peaKUHH C OYTHIpOaMHHOM B IPHCYTcTBuH HOAMAOB MOryT a- 
BaTb BCe Te 3JICMCHTHI, KOTOPble pH YCJIOBUAX PeaKUMH MpHCyTCTBYIOT B pacTBO- 
pe B BUJle TAKeNLIX, PHApocoOuEIx aHHonoB. K HMM oTHOCATCA KaK 3JIEMeHTHI, 


|  * OmvcaHHad B CTaTbe aHaIHTHYeCKad peakWHA OCHOBaHa Ha CAaMOYCKOPAIOMIeMCA mpowecce. 
Ha copelaHHv mO KHHeTH4YeCKHM MeTORaM aHasusa (14 — 16 VI 1960, r. MBaHoso), rye yoKwJa- 
blBalach HacTOAMad padora, OOcymaioch Ha3sBaHHe OMHCbIBAeEMOM aHaJIHTHYeCKOH peak- 
HH HOBOrO THMa. B mpakTH¥eCKOM OTHOLMeHHH H 10 CBOell BbICOKOM UYBCTBHTeIbHOCTH 9Ta 
HOBadA peakKILHA GH3KO CTOHT K KaTaJIHTHYeCKHM PeaKI[HAM, He ABJIAACh TAaKOBOH B CTPOrOM 
CMbICJIe STOTO NOHATHA. Mower ObiTb, ONHCbIBAeEMYIO CAMOYCKOPAIOMLYIOCA peakUHIO CJIeqOBaJIO 
Obl Ha3BaTb «“aBHHHOM» WJIH «paqHallHOHHO-aBHHHOM», 
** 4-ByTHOBbI adpup pogamuna B. Cuntes semmonnen JI. MW. BowsmaxKosoi. 
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oOpasyroulve HomusHEIe aHvouni (Te!Y, Cd, Hg, Bi, Sb u ap.), Tak H SeMeHTH, 
MPHCYTCTBYIONNHe B BHe HHBIX, HalpHMep, KHCJIOPOHbIX TAXKEJIBIX AHHOHOB. 
Ho 3T0 6yAyT OObIGHbIe, MpOCTHIe, HeCAMOYCKOPSAIOWMeCA IWBeTHbIe TBEPAOpas- 
HbIe peakKUHH. ITH Ke JIEMeHTbI MOFyT H COOCaKMaTLCA C HOLMAOM OyTHIposa- 
MHHA. 

Ecau 2Ke 6yyT MpHCyTCTBOBaTb pafWOaKTHBHble H3OTONbI KaKOrO-H60 H3 
cOOocaKaloulUXCA 2JIEMeHTOB HU H3JyueHHe STHX H3OTONOB Oy eT BbISbIBATb 3aMeT- 
HbIl| PAHONH3 HOAMAOB, TO 9TH JJIEMCHTHI ayT TaKy!oO 2Ke WBETHY!O CAMOYCKO- 
PAIOWLYIOCA peaKIHIO, Kak HM NONOHMM. UyBCTBUTeIbHOCTh peakilHi OyzeT ompe- 
JICIATbCA HHTCHCHBHOCTHIO paylHOuMsa. 

UyBcTBHTeC€AbHOCTb peakKWHH. UysBcTBHTeMbHOCTh peak- 
IMM TeM BbIMe, 4¥eM OOubIUe IpeACTaBIAeTCA BPeCMeHH JIA MpOTeKaHHA palHoH- 
3a, 4eM BBIIMe KOHICHTpallua pacTBopa HoquAa, B Cpefle KOTOPOrO BbINOJHAeTCA 
peakiMa, H 4eM BbIle KOHUeCHTpalua OyTHIpofamuna. Ho eciM KOHWeEHTPaluA 
MHIpeAHeHTOB MpeBbICHT HEKOTOPHIH, JOBOJIbHO HeOOJbWIOH Mpefe, MOMO*KH- 
TeJIbDHYIO PCAKIHIO Ha4HeET aBaTb H xOsOcTad Mpoba, BceACTBHe OOpas0BaHHA 
cyCNeH3HH KpHCTaIHKOB Holua OyTHIposamuna. 

TIpW MOBbILICHHH KOHIeHTpaluu Hoa YMeHbUaeTCA HaeKHOCTh peakitHu 
TakxKe BCJIeACTBHe Mepexofa Howquga B NepHoquA NO BMAHHeM KHCOpoya 
Bo3yXa H cBeTa H OOpasyrollelicaA B pesyAbTaTe pamlMOH3a NepeKHCH BOMOposa. 
CuJIbHO BO3pacTaeT MH PaHOJH3 B paCcTBOpPe, BLISBAHHbIM MpHCyTCTBHeM MpOdHX 
PaqMOaKTHBHBIX JIeEMeHTOB. TakHM O6pa30M, YYBCTBHTeCJIbHOCTh peaKIMH HW Be- 
JIMUMHAa MOMpaBKH Ha XOMOCTOM ONbIT pacTyT NapasVIeIbHO NOL BIMAHHeM OJHHX 
H TeX Ke CakTOPos. 

Ja oGecneyenusa OovIbileH HalexKHOCTH peak B CHCTeMy CJle_yeT BBOAUTb 
BeMIeCTBA, CBASHIBAIONLMe 3JIeEMeHTApHbI Hox. Mx celyeT BBOJUTb B TaKOH T0- 
yoOpaHHOH KOHUeHTpaluu, KOTOpadA OOecneyHBawia Obl JOCTATOUHO MaJIyiO BeJIH- 
4YHHY WONpaBKH Ha XOvIOCcTOH oOMbIT. []o,XOAUIMM BeleCTBOM ABJIAeTCA pesop- 
uwHH. J|1s NOBLILIGHHA UYBCTBHTCJIbHOCTH peaKWHH B CHCTemMy, HaOOoporT, Weve- 
cooOpa3HO TIpHOaBHTb HEMHOFO 3JIEMeHTapHOrO Hosa, B TaKOH KOHWeHTpalHy, 
uTOObI OOpas0BaBLIHHcaA NepHOAMA Wasi 3aMeTHY!O, HO He CHJIBHYIO, NOJIOKUTEJIb- 
Hy1o peakuHto. B 9TOM cuIy4ae B CHCTeMe Cpa3y MOce CMeLICHHA HHIpeMeHTOB 
OyAyT MpHCyTCTBOBaTb KPHCTaJIHKU Nephowusa OyTHpoyamMuHa, WH Mpoecc 
coocaxkeHHA Ha HAX NOJIOHHA HauHeTCA HeMesVIeHHO. B OObIdHOM 2KeJITOBATOM, 
HECBE2KENPHFOTOBJICHHOM pacTBOpe HOWHAa KasIMA Bcerfa HMeeTCA B HEKOTOPOK 
KOHI[CEHTpallHH MepHOu, H TaKOM pacTBOp HOAMAa KaNMA aeT BeCbMa UYBCT- 
BUTeJIbHYIO peakuHio. B Ta6m. 1 noKa3aHO BAIMAHHE paCCMOTPeHHbIX (akKTOPOB 
Ha YYBCTBHTEJIbHOCTh peakUHH. Bp B3ATbI KOHUeHTpaluu: momoHui (Po”!°) 
2,5 - 10-7y/ma, KJ 9,6-10-? M, xnopuga 6yrunpogamuna 5,5-10-> M. Axtus- 
HocTb pactsopa 1,1-10-* c/n *. Temnepatypa 20°. PesymptaT peakuuu HaGw0- 
MaeTca wepes 3 MHH. Mocyie CMeLICHHA MHIpeeHTOB. 

OnbiTbl, pesybTAaTbI KOTOPbIX MpPHBeAeHbI B TAG. 1, ObINIM BLINOJIHEHbI B Ipo- 
OupKax C BH3yaJIbHOM OWeHKOM NO uMUTUpytoUlel WKane. Sta WiKaa, mpeycraB- 
JIsiollasdt COOOIO HaOOp OKpallleHHbIX paCTBOPOB C MaBHO H3MeHsIOMelcA OKpac- 


KOH OT po30Boro JO uoeTOBO-roy6oro, Oba COCTAaBIeHAa CIeELYIOWUM OOpa- 
30M: 


NeNe mpo6upoKx 4 2 3 4 5 6 7 8 9 10 
a 2 Hate 1,6 1,4 AZ: 1,0 0,8 0,6 0,4 OF 
on!) (0), 0,4 0,6 0,8 1,0 1512 4,4 1,6 1,8 


6 0,015 0,055 0,103 0,148 0,198 0,250 0,300 0,363 0,425 0,468 


IlpumMeuauue. a—0,001 % Bonnbitt pacTBop cappanuna; 6 — 0,0014 9 OWHbIM pacTBOp M = 

HOBOH rony6oi; 6 — 9KCTHHKIMA, CHATaAA NPOTHB BODHI, b9K-M, *KeJTEI er a aNered coher 
Jlerko BHeTb, 4YTO nocwe 3-MMHYTHOrO BLbDKUaHvA peakilnn MOJIOHHH B KOH- 

WeHTPaluu, paBHOH 2,5-10-7 y/Ma, aeT COBepLIeHHO OTYeTIMBY!IO NOMOKUTEMb- 
* KOHLeHTpalHA NONOHHA ONpPeweNANACh CIMHTHVIAWHOHHEIM MeTOLOM (5). Oum6Ka H3Me- 

peHHA He MpeBpitiata +5%. 
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Hy1o0 peaxuuio. B ycosuax onbita Ne 13 Ta6n. 1 9KcTHHKWMA pacTBOpa, CHATAA 
MpOTHB xolocToro onbiTa, paBHa 0,235. Ha o6pmmHom (bOTOKOJIOpHMeTpe MOXKHO 
YBepeHHO OMpeyseATb MATYIO — CeAbMYIO 4aCTb TAKOrO 3HaYeCHHA JKCTHHKIUMH, 
YTO OyfleT COOTBETCTBOBATb KOHICHTpaluH momoHHA oKoONO 5-10-8y/ma. Oru 
MaHuble OTHOCATCA K H30TOMy Po”, a-u3nyaaTemo C NepHoxoM Momypacnaza 
138 pHel. Jia Apyrux M30TONOB NOMOHHA UYBCTBUTEIbHOCTh peakIlHu Gyzer, 
KOHEeWHO, JIpyrou. 


Ta6nmunail 


Bauanve NpucyTCTBuA SMeMeHTapHOroO Hoda Ha 4yBCTBHTCJIbHOCT 
peaxunu B 4,0 N H2SOg 


BgpeyeHo 


HuTeHCHBHOCTb OKpacKH B HOMEPax 
yYcNOBHOH WKasb 


NoNe pesoplun Hoy 
ONHITOB Pa3HOCTb |ycNOBHaA 4yB- 
iin ae tos mr ea th  LOTOCTOR OMIT C B €JMHH- |CTBHTCJbHOCTb 
. OTILIT MOJOHHWeM |iax YCJIOB-[peaKUHH, Y/Ma 
Monex HOH WKamnbi] nosm0Hua * 
a 2,9:101 - 4 shea 0 
YA AR oA — 4 4 0 
3 704 KOs — 4 4 0 
4 ts} ochOee —_ 4 4 0 
5) Sin evonlOne — 4 4 0 
6 Aa oor — 4 3 Zh ile youl Oe 
if — —— 4 3 2 Ae 2 od Ong? 
8 o 6,4-1076 1 3 Zi 4,2-1077 
9 — jal alle 4 3 2 4! Aoal ied 
40 —- Pa A 4 4 3 8,3-10-8 
44 — Opa lOn 4 4 3 Sno One 
42 —- 454-404 4 4 3 Saal One 
13 — Pyeibo kr 4 6 5) 5, 0-1078 


* PaccuHTaHHaA KOUMCHTPalHA NOJOHHA, BbISLIBAIOH}aA MHTCHCHBHOCTb OKPacKH, 
PaBHylO OZHOM eHHUIe YCNOBHOHM WIKaJIbI. 


Taka BbICOKad YYBCTBHTeJIbHOCTh pefKa axe CpeH CaMbIX BbICOKOUYBCT- 
BUTeCJIbHBIX KATaJIMTHYUeCCKUX peakuH. CuefyeT MOqYepKHYTb, 4TO H 3TA OUCH 


_ BbICOKaA FYBCTBUTeJIbBHOCTb HE ABJIACTCA TIpeesIbHOH : GYBCTBUTCJIBHOCTb MOKET 


ObITbh MOBbIMeHa YBeIHYeCHHeEM BPeMeCHH, MpesOcTaBAeMOro JIA MpoTeKaHHA 
peaKIHH, WIM BBeeHHeM OOJIbUIHX KOJIMYeCTB Hosa. 
 BunomHeHHe peakuuH. I[IpuBezem OfHy M3 Nponucei, npHrog- 
HbIX [JIA YYBCTBHTebHOFO ONpeseneHuaA NOMOHHA (Po”*) B unCTHIX pacTBOpax 
WM TakKe B MpucyTcTBuH nayToHHA 239. Mccnenyembli pacTBOp He MOuDKeH CO- 
AepxKaTb yKa3aHHble BbIe ICMeHTbI, JaloulMe Cc OyTHPOaMHHOM ILBeTHBIEe 
TBepopasHble peakiHH. 
Ilepeq, BrINOMHeEHHeM peakUMM HeEOOXOLHMa NOsToTOBKa pacTBopa, rapaHTu- 
Ppyollai HamM4ve NOMOHHA B MOAXOMAUerO BUa HOHAX H yaJieHHe H3 pacTBo- 
pOB MONOHHA NepeKucH BOJOpofsa, NOCTOAHHO HakallIMBalouleicA BCJeEACTBHe 


-pamuounusa (*,°). ComaHo- WH a30THOKHCJIbIM HCCHeLyeMbId pacTBOp NOJIOHUA 


BbIMAapHBaloT Wocyxa, RoOaBaioT HeSO,4, HarpeBaloT JO NOABJICHHA MapoOB cep- 
HOH KUHCJIOTHI H MOCe OXaxKIeHHA pa3zsOaBIAIOT BOLOH MO KOHUeHTpannu 
6N H2SO,. 

Onpeheneunve NOAOHHA BeErO YHCTHX PacTBOpax. 
K 1,3 Ma nomyyennoro pacTBopa c KucuoTHocTEIO 6N no H,SO,4npHOaBsaioT 
0,37 Ma cBexenpurotopseHHoro 1% pactTBopa iogufa Kanua MH O,1 mn 0,01% 


BOHOFO pacTBopa 3/eMeHTapHOrO fiosa, M BbIepxKUBAIOT CMeCb B TeyeHHe 
20 mun. BTemuHoTe npu 20°. Jlanee npu6aBrsioT 0,32 m10,02% BogHoro pacTBopa 


xlopHfla OyTHIpoxqamuHa, H 4Yepe3s 5 MHH. OMCHHBaIOT OKPaCKy BH3yaJIbHO 0 
mikKasle HK (oToMeTpupyroT. CofepKanve NOJOHHA ONpeesAIOT 10 KaHOpoBou- 
HOH KPHBOH, KOTOPylO CTpOAT TaKHM 2Ke OOPa3OM, BBOA B PaCTBOP U3BeCTHIe 
KOMYeCCTBA NOOHHA. 
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Onpenmenennue TO WOH Ha BW pwc yt Cr Bi Mes yt Orn st 


TloctynatoT Takum 3Ke 06pa30M, HO IPHMeHSIOT KaIMOPOBOUHYIO KPHBYIO, M0- | 


CTPOeCHHYIO AIA PaCTBOPOB, COMepAKallMX MPHMePHO TakOe Ke KOJMUYECTBO My - 
TOHHA, KaK HW aHaIM3HpyeMbIM pacTBOp. 

EcuiM KOJIMUeCTBO IIYTOHHA B MOCJIEHHEM HEH3BECTHO, CJIeqyeT HMCTb PAA 
KasIMOpOBOUHBIX KPMBBIX, MOCTPOCHHBIX JJIA\ PACTBOPOB C Pa3s/IMYHOH KOHIeHT- 
pauveli nmyToHua. K anuKBOTHO 4“acTH aHaNM3MpyeMoro pacTBopa AOOaBAIOT 
BCe MHIpeHeHTbI, KpOMe OyTHJIPOLaMuHa, BbIepHKUBaIOT B TeMHOTe B TeyeHHe 
25 MHH., BBOLAT OyTHJIpO,aMuH, WH HEMeAJICEHHO ONpeesAIOT CBETOMOMJIOMeHHe. 
Tlonyuennyio BeMUMHY paCCMaTPHBaIOT KaK CBETONOFOMeHHe XOJOCTOH Hpo- 
6p. Ja pa6oTb! BbIOMpaloT TY KaJIMOPOBOUHYIO KPHBY!O, CBETOMOPIONLEHHe 
HYyJeBoro pacTBOpa KOTOpOH (6e3 NOJOHHA) BO3MOX*KHO ONMKe K NOyYeHHOH 
BeJIHYMHE XOMOCTON Mpoort. 
Ta6Omuna 2 


® oToMeTpH¥eckoe onpeseeHHe MONOHHA Ha OCHOBe paMal\MOHHO-KHHeTHYeCKOH WBeTHOR 
TBepAoasHou peakuuu. OObem KoHeuHoro pactBopa 2,1 MA 


B3aT) B Y B3aTo BY 
Hait Ouru6- Hat OwH6- 

pow Bree Po/Pu Bons Ka eit] pane Ba Po/Pu ee Ka Pik 
4,4-1077 oa — |8,0-10-8 | —27 |/5,0-10-° —- ~- 6,9:10-® | +40 
8,0-10% _- — |7,1-10-8 | —24 11,1-10-* |9,8-10-4 | 1:99000 |1,0-1077 | —8 
Mpa Ome — — |6,4-10-8 | —12 ||2,2-10-8 |9,8-10-4 | 1:45000 |2,3-10-§ | +4 
6,2-1078 —- — |6,3-10-8} +4 |11,7-40-8 |9,8-10-4 |] 4:58000 {41,8-10-§} +6 
5,6-10-8 — — {5,5-40-§| —2 |11,4-40-§|9,8-10-4] 4:89000 |4,4-10-§ | +27 
9,9-10-9 —_ — |6,2-40-9 | —37 |8,6-10-9 |9,8-10-4 | 41:1414000 |1,1-10-® | +27 
8,3-10° — — {7,6-10-° | —8 


B Ta671. 2 MpHBeJeHbI MPHMepb! Ppe3yJIbTATOB, MOJIYYeHHIX Mp ONpeseseHHH 
HOJIOHHA B YMCTHIX pacTBOpax MH Ha (pOHe yeTHIPeXBaeHTHOrO MuyToHHA (Pu), 
B nocaeqHem onpite c 8,6-10-® y nononua wu 9,8-10-4 y nayToHHA aKTHBHOCTb 
IIpHCyTCTBOBABINerO KOJIMYeCTBA TWIYTOHHA MO YHCY a-pacnagqoB B eAMHHILy 
Bpemeny B 1,6 pasa MpeBocxoOquJIa AKTHBHOCTb MOJIOHHA. 

PaccMOTpeHHbIH M€XaHH3M MOXKET ObITb HCMOIb30BaH JIA CO3.aHHA BbICOKO- 
4YBCTBUTEJIbHbIX Pa\MalMOHHO-KHHeTHYeCCKHX peaKUHi H WIA Dpyrux 9JIeMeH- 
TOB, H3OTOMbI KOTOPbIX OO1aaloT JOCTaTOYHO BLICOKOM a-aKTHBHOCTbIO, a OOpa- 
3YeMbIe€ 3JIEMCHTAMH HOHbI CHOCOOHI COOCaxKMaTbCA C OPraHHyeCKHMH CcOOocaH- 
TeJISIMH. 

Ilo MexaHusMy Hoku —> nepiolHy 9TO BOSMOMHO [IA BCeX 9IEMeHTOB, OOpa- 
3YIOINMX HOMMAHbIe KOMIMVI€KCHbIe aHHOHEI. [lomexaHH3My HHTpaT —> HUTPpHT > 
a30COEJIMHEHHE STO BOSMOXKHO JVIA JJICEMCHTOB, OOPa3y!OWIHX MpouHLle HATpaT- 
HbI€ KOMIWICKCHbIe AHHOHBI. [lo MexaHH3My NepXOpaT — xsopaT — erkO OKHC- 
JIAIOULHECA OPraHHyYeCKHe MPOLYKTbI STO BO3MO?KHO JIA 3JIEMCHTOB, CIOCOOHBIX 
coocaxkyaTbcaA C OpraHHyeCKHMM TepXsopaTaMH, T. €. JIA 3JIEMeHTOB, cm0co6- 


HBIX OOPasOBbIBaTb MOHBI BUA MeO, . OTH u MHBIe KOMONHALLUM Oy~yT NOspo6- 
HO paCCMOTPeHEI B MOCELYIOWMX MWyOMMKAalMAX. 


Tlocrynuo 
14 XI 1960 
WHTHPOBAHHAS JIMTEPATYPA 

+B. HW. Ky3 Heo, Yen -xum., 18, 75 (1949). Vol Kuznetsov) aie 
Application of Radioactive Isotopes for Developing New Methods in Analytical Chemistry. 
ee Co-precipitants. Intern. Conf. on Radioisotopes in Scientific Research, Paris, 1957; 
pee Ky3Hewos, Ceccnt AH CCCP no mupHomy ncnosb30BaHHI0 aToMHoli HeprHuli 
y VII 1955, 3acen. Org. XHM. Hayk, Mag. AH CCCP, M., 1955, crp. 300. °F. Wei- 
ge ss Angew. Chem., 71, 21, (1959); 4 C. M. Ant a,,.0M, Veto t) aletchim ePhyse 
oe Peele 9. M. Tentep, B.. Wi Usanos, M. DokKoeoga mom 
_. Tentbkopeckas, Cunnrunianuonnpiit MeTOA OnpeyeJIeHHA MaJIbIX KOHIMeHTpauHit 
PatHOaKTHBHBIX BeleCTB B BOAHBIX pacTBopax, B cOopx. PaywoxumuuecKHe H MO3HMeTpHuecKHe 
tone ape pea, Masbool year a . ay. saa Pill yint Clam ep eee omen Oooe 
a : pmospa, M.B. Baagumuposa, Artomuas aHeprua, 5, 546 (1958). 


Woraagmn Akagemun nayrx CCCP 
1961. Tom 137, Ni 4 


XHMHA 


A. M. JIYKHH u H. J. KAJIMHHHA 


O BSAMMOJEKCTBUH BOP®TOPHAOB HUTPOBEH30JIJMA30HHEB 
C TPEXXJIOPHCTbIM ®OC®OPOM 


(II pedcmaeaeno axademuxom M. H. Kadaanuxom 15 XI 1960) 


B TO BpeMaA Kak m- HM N-HUTpOGeH30cocPoHOBble KHCJOTHI MOryT ObITb CHH- 
TeSHpOBaHbI NO Auaszometony Joka u MpuyMana G6e3 ocoOLix 3aTpyzHenuH (1), 
HOJIYYHTb 3THM TyTeM O-H30Mep He yAaeTca (*). Hatin OMIT! NOATBEPAMIH 3TH 
fannie. B TO xe BpeMA, IPH HCCeOBAHHH COOTBETCTBEHHO OOpaboTaHHOH pe- 
AKIIMOHHOH MACCBI, B KOTOPOM MbI NpesnOaraiH HaIM4ve O-HUTPOOeHsOGocdo- 
HOBOH KHCJIOTHI, COBEPIIeCHHO HEOKUAAHHO ObIJIO OOHAPyxKeHO COeMHEHHe, cno- 
coOHoe AMas0THpoOBaTECcA. M3 sToro ANa3z0coesqHHeHHA ( 6e3 ero BbIeeHHA) yla- 
JOCb MOJIYYHTh asocoemuHeHue (c 1-HadToum-4-cymbpoKucsIOTOH), HCcJIelOBaHHe 
KOTOpOrO MOKa3aJI0, UTO OHO ABJIAeTCA CMeCbIO JBYX a30KpacHTesleH: U3 HAX 
OMH — MpOAyKT coueTaHHA XJOpaHHHHAa, a [pyro — amuua, cosepKaulero 
XJIOp H Pocdouosyio rpynny. C wWesbio BbIJeeHHA HEMOCpeACTBeEHHO 9TOTO aMH- 
Ha, T. €. xMOpaMHHOOeH3o/IocoHOBOH KHCJIOTEI, MbI PelIWJIM NOMbITATLCA HC- 
MOJIb3OBaTb e€€ MpesnONaraemMy!o CMOCOGHOCTS WaBaTb TPyIHOpacTBOPHMbIe KOM- 
MJIEKCbI C TAXKEJIBIMH METAJIIaMH, OOPasOBaHHe KOTOPbIX JOJKHO ObIJIO OGecrie- 
4HTb OPTO-pacnovioxKenHe cpocsoHOBOH H amuHorpymn. JlevicTBUTeIbHO, yaJiocb 
BLIJeIHTb COOTBETCTBYIOWIHH KOMII€KC C MeJbIO, MOCe pa3lO*KeHHA KOTOPOTO 
2-amuHOxsopOeH30poconopan KucoTa (I) Oba NowyyeHa B XHMHUECKH UH- 
CTOM COCTOAHHH. 

Tlonoxenve xuopa B (I) Oblm0 ycTaHOBeHO TyTeM HAeHTHUKALHH 2-OKCH- 
XOpOeH30sGocpOHOBOH KHCJOTHI, NOyYeHHOH u3 (I) 3amMeHoH amMHOrpynnbl Ha 
OKCH-, C 2-OKCH-5-x1OpOeH301GOCOHOBOH KHCJIOTOH, BbIJeJIeEHHOM H3 ee KaJHe- 
BOH comH. TemmepaTypa mvlaBjieHHA CMellaHHOH mpoObr O6OHX OOpa3siloB He 
WOKa3aJla CYyIeCTBeHHOH JlempeccHH. 

Hccneqopanne ycoBHi, cnocoOcTByIOUlHX OOpas0BaHHt0 H BbIJeJICHHIO HOBO- 
fO aMHHa, MOKa3aJiO, TO JIA STOTO OKA3aJIOCb HEOOXOAHMBIM YBeJIMYHTb KOJI- 
H€CTBO TpexxslOpucToro dbocdopa B 3,5 pasa, a MeqH B DO pa3 NO CpaBHeHHio 
€ THMOBLIMH KOJIM4e€CTBaMH, P€KOMECHOBaHHEIMH JIA mpoBezenua peakuuu J[o- 
Ka H Dpuymana (4). 

YpeM4eHHe KOJMYCCTBA MEH, Ne€PBOHAYaJIbHO CleaHHOe JIMINb C TWesbIO 
OOeTUCHHA BbILeIeCHUA AMUHA, OKA3a0 OMHOBPeMeHHO BJIMAHHE H Ha KOHCUHDIM 
pesyJIbTaT peaKIHH. 

IIpu MOJIASpHO-aTOMHOM COOTHOWIeHHH GopdTopHyAa o-HHTpOOeHsO/IMas0HHA 
K megn 1: 1 (npx OTHOWWeHHH K PCls |: 3,5) Obl NOy4eH aMHH C BbIXOJIOM 
15% (43 Hux 5% B Buse KpacuTena), a NpH cooTHOWeHHH 1: 0,2 KomH¥eCTBO 
aMHHa 3aMeTHO yMeHbulaeTcA (10 5%), HO 3aTO OOpasyetca Cc BEIXOfomM 12—15% 
BelllecTBO, HCCIeqOBaHHe CBOHCTB M COCTaBa KOTOPOrO NOKasas0, YTO OHO TIpey- 
rPaBuseT co6ou a3zocoeynHenue (IT) 


NH PO;H2 PO;He 
| 


= PO. | | 
| O ti, cl-€_)—-N =N-< S—Cl (41) 
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[IpaBubHOcTh AaHHo copmyvit (II) mo_TBepxKyeHa He TOMbKO aHaJIH30M, 
HO H TeM, YTO BOCCTaHOBJeHHE BbIAeeCHHOFO BelleCTBa MPpHBOAHT K 2-aMHHO-5- 
XNOPGeH3OMPOCPOHOBOH KUCIOTE. 

Bo Bcex calyyanx MpOBeeHHA peaKIHH ycTaHOBsIeHO OOpasoBaHHe HeOOsb- 
WWOro KOIMYeCTBa HUTpPOeHoua, a TakK2Ke XOPanusMHA, KOTOPHIA Obl BbITeTeH 
B Bue coun (1) KHCJOTHI. 

Tlanpuelimiee uccleqoBanve MOKa3as0, YTO OOpasoBaHHe AMMHOB H Mporecc 
XJOPHPOBAHUA B YCJOBHAX, OM3KHX K YCOBAAM cuHTesa (I), MpoMCcxoAUT H 
B Cylygae ero H30Mepos (cM. Tas. 1), T. €. HMeeT COMM XapakTep, XOTA HC pas- 
HOli CTeMeHbIO NOMHOTHI. IIpu TOM HEOOXOJHMO OTMETHTb, UTO CHHTESHPOBaHHble 
AMMHDI yaJlOCb BbIeIHTb Yepe3 MEMHBIM KOMILJICKC B COOTBETCTBHH C CKa3aHHbIM 
BbIMe JIHIIb B Clyyae O-H30Mepa; M- H N-H30MepbI MOKA He ObIJIM BLIJeJIeHbI Kak 
TaKOBbIe, a NOJIYYeHbI TOKO B BUe as0KpacHTeseH C pesOpuHHOM. 


Ta6Omuna i 
3aBHCHMOCTb BbIXOJa aMHHA OT COOTHOWeHHA OopropHA0B WHasOHHeB U 
HUTpobeH30/la K Tpexxopucromy docdopy (B MovAx) 


Buixox amuuxa, % 
A > % CtTeneHb XA0- 


CoeyxuHeHHe 


14 | 4:3,5 pupoBanna, % 

Bopdropuy o-nutpobexso14Ha30- 

HHA Cuepl 15 100 
Bopdtropuy n-HuTpodex30mqHa- 

30HHA 2—2,5 30—35 15—20 
Bopdtopux m-Hurpober3omqHa- 

30HHH Crenut 140—15 15—20 
Hutpo6en30n He o6napyxeu 2—5 0 


J{OnOJHHTeIbHBIC OMbITbI C HATPOOCH3OIOM TaK?Ke MOKA3aJIH BOSMOXKHOCTb 
o6pa30BaHHA HEKOTOPOrO KOJIMYECTBA AHHJIMHA, T.e. MB STOM Culy4ae HaOwOaeT- 
CA Mpolecc BOCCTAHOBJICHHA HHTPOrpylMbl, XOTA H C MaJIbIM BbIXOJOM. 

TakuM 06pa30M, HaMH BIepBble yCTaHOBJICHO, YTO B 3ABHCHMOCTH OT COOTHO- 
WICHHA pearupylouluxX BeUleCTB H TaK Ha3bIBaeMOrO «KaTaJIH3aTOpa» B3aMMO- 
qelicTBue Mexky OopropHsaMu HUTPOOeH3O/IAMa3OHHeEB HU TPEXXJIOPHCTHIM (poc- 
(popoM MOXeT HATH cpa3y B TpeX B3aHMHO MepenvieTaiouiMxXcA HalpaBJIeHHAX: 

1) oOpasoBaHuA cocpoHoBo rpymmbt, 2) BoccTaHOBMeHHUA HHTPOrpynnpl w 
3) XJIOPHpOBaHHA. 

TlocuieqHAA peakUHA HaHOoNee NOMHO MpOTeKaeT AIA OPTOU3OMepa. 


QOKCNePUMEHTAIbNAaA GWacTh” 


K cmecu 635 Ma a6c. sTuaneTata c 155 ma (1,75 Moms) Tpexxsiopuctoro (oc- 
(popa uw 25 r ognoxnopucTon mMeazu mp 30° AoGaBrsIOT HeOOMbINUMH MOpIuaME 
cmecb 118,5r (0,5 Moma) cooTBeTcTByromlero GopdTopuya WuasonusA c 25 r OMHO- 
XJIOPHCTOM MeAH; NO Mepe OOaBIeHHA TemMepaTypa NOMHUMaeTCA HU HadMHaeTCs 
BbieleHwe a30Ta. CreqaT, YTOObI TemMepaTypa He npeBbuuana 60°. Tlocae mpe- 
KpaulleHHd BbIeIeHHA a30Ta MaCCY BbIAepKUBAIOT IPH TOM xe TemMepaType 3 4a- 
ca. J[anee K peakHOHHOH Macce npu 15—35° ovens ocTOpoxwKHO AOGaBssoT 10 Ma 
BOJbI H HarpeBaloT mpH 50—65° B Tesenue | uaca, 3aTem npu Temmepatype HE 
Bite 45—60° yo6aBusioT 590 Ma Bom. 

B calyaae 0-430Mepa peaKIMOHHY!O MaCCy HeliTpamMsyloT yrIeKHCAbIM HaT- 
pHem Jo pH 4—5d, warpepaior Jo 45° uw moce OxaxKeHNA OTPUATPOBbIBAIOT 
BBINABLIMH OCaOK KOMMeKca C MefpI0. Jlanee B (PUbTpaTe OTAeAIOT BORHBIE 
COM, H3 KOTOPOLO BHIJeIAIOT NONOMHHTEIbHOe KOJIMYECTBO MEQHOFO KOMIIIEKCE 
NyTeM fOOaBIeHHA STHNaeTaTa. OcaqKH OObeEMHAIOT, MPOMEIBAIOT BOOM ¥ 
cymaT npu 100°. Tonyuator 32 r BemectBa 3eeHoBaToro Beta. BeulecTBo pac- 
TBOPAIOT B pasOaBJICHHOM COMAHOH KuCsOTe (1 : 2), ocaxKaIOT Meyb cepoBosopo: 
JOM, OTPHbTPOBbIBaIOT CY Ibu MeL, K PULTpaTy AOGaBAIOT yroub, MOCAE 


* TIpa yuacrau TI. B. 3asapuxunoii u I. II. Crenanonoii. 
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jeTO' yllapuBaloT c yrviem (70 4/, o6bema), asee OTPHTPOBLIBAIOT YFO/Ib H Ma- 
POUHHK HeMTpaH3yIOT yrJieKHCJIbIM HaTpHem Jo pH 3. IIpu nelitpanusannn BuI- 
laflaeT Oeil AMOpP*HbIN OCaOK, KOTOPbIM OTPHJIbTPOBbIBAaIOT MH MPOMbIBaIOT 
IelaHoH Boson (~75 mua). 

Cyuiat npu 120°. Tlomyaarot 11 r 6Genoro amopduoro BemlecTBa. AnamH3 Ha 
1aTPHH NOKa3biBaeT ero OTCYTCTBHE. 


Hatimeno %: P 15,02; 14,97; Cl 17,04; 17,02; N 7 O41; 7,08 
CsH;,O3NPCI. Brtuncreno %: P 14,92; ClA7, G6: N 6 75 


JLoNONHHTesbHOe KOJIHGECTBO XJIOP-0-aMHHOGeH30OCOHOBOH KHCJIOTHI 
SbIJIO BLIEICHO H3 MATOUHHKA B BHJe a3OKPaCHTeJIA C PEZ3OPIHHOM B KOJIMYeECTBE 
Bo Yr. 

B cayuae m- H N-H30MepOB OTTOHAIOT STH AaleTAaT, OCaKaoT CepoBOOPOOM 
Melb, CYJIbPUA MeAH OT*PUJIbTPOBLIBAIOT, a CPHJIbTPaT KHMATAT C yrvieM JO yjla- 
MCHA 3alaxa CepOBOZOpoa, 3aTeM OTPpHJIbTPOBLIBAIOT H HeHTpasIM3yloT ABy- 
yTJIEKMCJIbIM HaTpHeM Jo pH ~3—4. 

TlonyyeHHblt pacTBOp Aua30TUpyioT H MpHJIHBaIOT K COMOBOMY pacTBopy pe- 
0puHHa. Odpa3so0BaBlIHiicA KpaCHTeJIb BbIJeIAIOT, TMOMKHCJICHHeEM COJIAHOK 
KUCIOTOH HU ABaKIbI mepeocaxkaoT H3 BosbI. CymiaT mpu 70—80°. Bec nosy- 
JCHHOFO BellecTBa H3 m-H30Mepa paBeH 11,81, a u3 n-H380Mepa 28,4 r. B o60ux 
smyYaAX KpaCHTeH He COepKaT HaTPHA H XOp-HOHA. Kak NOKa3saJIN aHaJIM3bl, 
96a OHH ABJIAIOTCA CMECbIO ABYX a30COeAHHEHHH, H3 KOTOPBIX OJHO (B 3HAYHTEeJIb- 
HO MCHbIUeEM KOJIMUECTBE) COMEP2KUT XIOP B MOJIEKYJIe; PaseIHTb UX He yAaJiOcb. 


BellecTBO H3 M-H30Mepa: Halizeno %: P 9,57; 9,67; Cl 2,4; 2,15 


BellecTBO H3 1-H30Mepa: Haiineno %: P 10,33; 10,48; Cl 2,4; 2,4 
CygH105NeP. Bprucneno %: P 10,57; 


Cy2HypO;NePCl. BuruncneHo %: P 9,40; CONS 
Beecorosutii Hay4HO-HCCJIeAOBaTeIbCKH = MHCTHTYT Tlocrynuno 
XHMHYeCKHX peaKTHBOB 9 XI 1960 
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Jloxrxagn Axagemun nayr CCCP 
1961. Tom 137, Ni 4 


XHMH A 


Usen-koppecnonnent AH CCCP A. J]. METPOB, E. A. WEPHDbILEB 
wv JIM FYAH-JIMAH : 


O MEXAHH3ME B3AMMOAENCTBUA KPEMHHAPHAPHOB 
C OPFAHOrAJIOFEHHAAMH B TA3OBOM PASE 


B page padot Obim0 moKasauo (11%), uTo peakOuA MexKAy KpeMHMArHAphaMu 
MW OpraHorasjoreHuamu pH Temnepatype 500—700° B ragsoBo dase MpH aTMO- 
CcbepHOM aBJIeEHHH ABJIACTCA HOBbIM OOWIHM MCTOJIOM HOYYeHHA apHJ- MW aJiKe- 
HHJiramorencuaHos. I[pH uccmeqoBpaHuv 3TOTO B3aHMOJeHCTBHA ObIWIO MOKa3a- 
HO, UTO peaKIMA MOUTH KOJIMYECTBEHHO MpOXOAUT MO Cxeme: 


R,Cl,_zSiH + R’Cl> R,Cl,_,SiR’ + R,Cl,_,Si-+ R’H + HCl. 


B ievInX BbINCHCHHA M€XaHH3Ma peaKIWHH B TaHHOH paOoTe HCCeqOBaH MaTepH- 
aJIbHbIM OaaHc peakwuu. Cmecb xslop6eH301a HM TpUxXsOpcHaHa Oblia mpony- 
IileHa yepes peakTop mpu 580° co BpeMeHeM KOHTAKTa KOMIOHEHTOB B PpeaKIHOH- 
HOH 30He 32 cek. Ky6oBol ocTaToK cocTaBsam 1,7 Tr, H3 Hero ObIIO BHIZeIeHC 
HeOOIbIUOe KOJHYeECTBO AHdenusa; noTepH 3,0 r. 


Ta6aunua ft 


HcxoyHble coequHeHHaA Tlomyu4eHHble coeyqHHeHHA 


S 
+ i 
s GHG) |< HSiGi, | HCl C,H,SiCl, Siel, | GH HSiCl, | G,H,Gi 
joy 
771 O78. 130 132 59,0 55,5 66,8 565 
86,8 ShT | 28,1 10,4 4,3 i 63,5 
(OAs GH CH,;SiHCl, | HCl C,H;SiCl,CH, | CH,SiCl, C,H, CH,SiHCl, C,H; Cl 
7 556 278 74,8 76,5 [hie 74,4 94,7 369 
62,6 31,9 DEP 14,6 11.7 5,76 10,9 r 44,5 
CH,C,H,Cl HSiCi, HCl | CH,C,H,SiGl, SiG | CH,G,H, HSiCl, | CH,C,H,C! 
ty] 556 278 124,2))5 125 48 46,4 83,8 359,2 
70,4 By: 4,5 28,2 re) LOY 1ie2 45,5 


ERS Me€uauHue. SHAYCHHA Hal yepToH — KOJHYeECTBO BeLICCTBA B MHJVJIHMOJAX, OA yepTonr i 

Misyyenue MatepvambHoro Galanca peakuMli Mexy XxJIOp6eH30/IOM H TPH 
XJOpcHiaHom (I), 0-xJlOpToyonoM H TpHxopcHaHom (II), a TakxKe Mex, 
XJIOPOeH3OJIOM HM MeTHIHXOpcHstaHom (III) npuBeno K ceqyroMUM pesysbTa: 
Tam (cM. Ta6n. 1). Tasoo6pasubie npoxyKTH! peakuuu coctapnamu 1—2% or Bece 
pearentos. M3 npwBefeHHbIX JaHHbIX BHHa OuIM3OCTb MOJIAPHbIX KOJIMYCCTE 
OOpasylOWlMXCHA XJOPHCTOrO BOLOPOAa U OpranoxsOpcusaHa, C OHO CTOPOHEI, 
M YeTbIPEXXJOPHCTOrO KPeMHHA (HJIH METHJITPUXMOPCHsaHa) HW COOTBETCTBYIOLIE 
ro yruepogopola, c Apyrou. EcrectseHuo novlaraTb, uTO KaxkKad M3 STHX Nap 
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coequnennii oOpasoBaiach OTAebHOK peakuneli. HekoTopoe npeBbilieHHe KOuH- 
“4eCTBA YeTBIPEXXJOPHCTTO KpeMHUA (HIM MeTHITpHXNOpcHmaHa) Hal, COOTBeT- 
‘CTBYIOWLUM YIeBOLOPOLOM OObACHAeTCA He3SHAYHTEIbHBIM MMPOAH3OM TPuxvOp- 
cHslaHa (HIM MeTHIMUXsOpcuana): 


4CIsSiH > 3SiCly -+ Si -+ 2Hp. 


‘Teopetuyecku MO2KHO TIpCANOMOWKUTb, YTO BHIMNCY KaSanHbIe Napbl Coe HHeHHH 
OOpasylOTCA B pesysIbTaTe _BIOPHUuHbIX peakWHi, a He H3 HCXOJHbIX COeMMHEHHH; 
HalpuMep, WIA B3aMMOMeHCTBUA XJOPOeH301a H TPHXJIOPCHaHa MOXKHO Mmpel- 
‘'THOJlaraTb BTOPHUHbIe peakilHu: 
GrHsiCie HCl > CsHe + SiCl, 
MIU 
CeHe + SiCl, aid CeHsSiCls + HEY 


CreivabHO MOCTaBJeHHbIe ONbITHI NOKa3asIH, YTO OG 3TH PeaKILHH B ycJO- 
_BHAX W3yyaemoro B3aHMOeHCTBUA He MMeIOT MecTa. Kpome Toro, OKa3auOcb, 
STO Np JaHHOH TemMmepatype HM COOTHOMICHHH HCXOJHbIX PpeareHTOB COOTHOIIe- 
_ He M@K ly BbILIeYKa3aHHbIMH MapaMu COeqHHeEHHH MpakTMYeCKH He H3MeHAeTCA. 

Tlonyuenubie aHHbie yOeLUTebHO CBUJETEIbCTBYIOT O TOM, 4TO B3aHMOseH- 
CTBHe M@XKy KpeMHUMMruApusamy HM OpraHoxopusdMu B rasoBoli cpase MpH ar- 

“MOCepHOM JlaBJIEHHH MpoTeKaeT NO ABYM MapaJiebHbIM HanpaBeHuam. Ha- 
Mpumep, WIA Xsop6eH301a HW TpHXxXOpcHsana: 
—— CsH;SiCl; + HC! (1) 


——> CeHe + SiCl, (I) 
Peakxunio I MBI HasbiBaeM peakUlHeH KOHJeHCalluM; peakuuro I] — peakuneii 
BOCCTaHOBJICHHA. 

CooTHomienue MexKAy OGeHMH peakIMAMH B pellarolliel CTemeHu Ofpeyesser- 
CA NpHposow Kak OpraHoxsopHsa, Tak MW KpemHuuruspuaa. Hamu usyyenbl peak- 
IMM TPpHXJIOpCHaHa C pasHOOOpasHbIMH OpraHorayoreHHaMu U WIA KarkKLoro 
cyan OpeseseHo OTHOMIeHHe (B MOJIAX) MPOLYKTOB KOHJCHCalHH HW BOCCTAHOB- 
JeHUA. ITO OTHOWeHHe MbI O6o3Hauaem K/B. KomuuecTBo opraHoTpHxuiopcH- 
aHa B MOJIAX XapaKTepU3yeT MpOMYKT KOHJeHCAaMH; KOM4YeECTBO YeTHIPeXXJIO- 
pucToro KpeMHUA — MpoOmyKT BoccTaHoBseHHA. IlomyyeHHble 2KCIepHMeHTAaJIb- 
Fible JAHHbIC IpHBeseHbI B TAGs. 2. 


GH.Cli-b HSiCls— 


Ta6Oauma 2 


SaBHCHMOCTbh OTHOWICHHA NPOAYKTOB KOHJeHCaIMHH HW BOCCTAHOBJIeHHA OT 
CTPOCHHA OpraHOraNOreHufOB pM WX B3aHMOZeHCTBHH C TPHXJOpCHaHOM 
pu 580°, t = 27—30 cex., RHal : HSiCls= 2 


Oprauorasorenugyh K/B | OpranHorasoreHuybl K/B 
CsH;Cl 2,4 Cis -=GHGl 170 
n-CH3CgH,Cl 4,2 (CG == (GE, 49 
O- -CH3C, H4Cl 26 CHe => CH—CHsCl 6 ; i 
2,,5-(CH3)2CsHsCl’ 3,6 CsHsBr 0,4 
2 ra 6- (CHs) )gCgHeCl ees a-Cy)H,Br ilyal 
AIC H,Cl N58) CsHs5F 1,0 
a-CiyH;Cl 6,2 C.gHsCH2Cl 0 
B-CioH7Cl 9,7 CH3Cl 0) 
o-CgHsCegH4Cl Or CCl, 0 


_ Ha ornomeune K/B, Kak BusHO 43 Tau. 2, WIA apOMaTHYeCKUX OpraHOXxJiO- 
/PpHOB OKa3bIBalOT BAMAHHE Ba (akTOpa — NpHpoOa 3aMecTHTeNA MH NpOCTpaH- 
-CTBCHHbIe 3aTpyqHeHuA. IIpoctpaHcTBeHHble 3aTPpyAHEHHA, a HUMCHHO HaXxO7KJe- 
HHe 3aMeCTHTEJIA B OPTO-MOJIOMKeHHH K ATAKYeEMOMY ATOMY XJIOPa, CHHKAICT BeJIH- 

uuny K/B. Stor xe BbIBOA cueqyeT H3 CpaBHeHHaA 3HayeHH K/B Aaa a- u B- 

XJOpHadTaHHOB. BBeweHHe B apOMATHUECKOe KOJIbILO 3/CKTPOHOMOHOPHEIX 3a- 

MecTHTesleH yBeMuHBaeT 3HayeHHe K/B, MutTepecHo OTMeTHTb, 4TO B CJly4dae 
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2,4,6-TpHMeTHIXOpOeHs0/1a, HECMOTPA Ha HaJIHUHe B O6OUX OpTO-MOOKeHHAK 
K aTOMY XJ1OPa MeTHJIBHBIX rpynm, BemH4HHa K/B Bpille, YeM [1A OPTOTOMHIXJIO- 
pula. BeegeHve 9IeKTPOHOAKIeNTOPHbIX SaMeCTHTEJCH cnoco6cTByeT yMeHBIIIe- 
nwo K/B. Jina xnopHabtanunos K/B B HeCKOJbKO pas BbIIIe, YEM AIA MpOHs- 
BOJHEIX 6eH30/Ia, IpHMepHO Takoro Ke NopsqkKa K/B uA xXNOpUucTOrO aMNa. 
Han6oupburyio Bemmunny K/B uMmeeT Aid XJIOPUCTOrO BHHMJa. B cayuae HacbitieH- 
HBIX aslMdaTHYeCKUX XJIOPHAOB peakUMA MpakTHYeCKM HET TObKO NO CXeMe 
BoccTaHoBuleHin Hu K/B = 0. 

Ha seavununy K/B Oompiioe BIMAHMe OKa3bIBaeT Takx%Ke TIpuposa rasorena 
B opraHoramorenufax. Samena xslopa Kak Ha OpoM, Taku Ha TOp NpHBOAUT kK 
cHwKenuio K/B. JlanpHeniiee ncceq0- 
BaHve NoKagasio, YTO Ha BeMuMHYy K/B 


3aBHCHMOCTb OTHOLICHHs MpORyKTOB KOH- 
WeHCalMH HM BOCCTAHOBJeHHA OT CTpoeHHA OobIUI0e BM AHHE OKAsbIBaeT IIpHpona 4 


KPeMHMATHAPHAOB Tp ux BsanMOgelicraaH BTOPOrO KOMIOHEHTa Peak — KPeM- 
¢ xMOp6eH30710M pH 540°, t = 28 cek. Hulirnapufa. Kak BHHO H3 JaHHbix 


CeH5Cl : R'R°R*SiH = 2: 1 Ta6. 3, 3aMeHa aTOMOB XJlOpa B TpH- 


Taodnnuwa 3 


: ; XJIOPCHJIaHe Ha aJIKWJIbHbI€ WIM apHJib- 

Kpemuuit- B K pemuuit- B 
PHAPH Ab K/ PHAPUIBI K/B HbIe palHKaJIbl CNOCOOCTBYeT OTHOCH- 
TeJIbBHOMY YBeCJIMYEHHIO peaKIUHH BOCCTa- 
HOBJeHHA. IIpHuem, 4em OOVIbILe ATOMOB: 
Can ei AVS 1,4 xgopa saMeHeHO Ha pafluKasibl, TeM B 
3 2 t) 6445/3. ’ o = 8 
CoH-SiCleH 075 Gobel CTeMeHH B3aMMOJeHCTBHe T1po 


XOMHMT MO CXeMe BOCCTAHOBJICHHA. 
PomouMTHYuecKu XapakTep U3sy4aemon peaKuHH Obl WOKa3saH pauee (7,°,*) nw, | 
OUeBHHO, HE MOXKET BbISBATb BOSpaxkennit. TlomyyeHHble B JaHHOM pa6oTe pe- 
3YJIbTaTbI MO3BOJIAIOT YIIYOHTb Halli 3HaHusA O MeXaHW3Me STOH peakIlHH u 
BbICKa3aTb HEKOTOPbI€ HOBbIC MOJIOKeHUA. 
Sapoxwjenve pasuKaJIOB BOSHUKaeT, OYeBHAHO, IPH TepMuYecKOH MuCCOMMa- 
mun cpa3H Si — H, Hampumep: 


HSiCl, + H + SiCi,. 


Mb paccMOTpHM C.Jly¥aH peakiMH TpHxwJopcusana c xsop6en30710m. Mawose- 
POATHO, 4TO peaKUMA HauUMHaeTCA C pacnawa MOJIeKyJIbI Opranoxsopuya, re 
2Heprus-cBasH C — Cl sHauuTembxo Bbilue. JlerKocTh pacnaya MovieKyJ KpeM- 
HHMrHApuwa NpHBOAMT K MOCTOAHHOM reHepalHu paluKanos. Hapsy c 9TuM, 
3HAYHTeIbHY!O POJb B TeHepallMH pauKanoB LOKHO MrpaTb pasBHTHe Wenn. 


IIpu nepegaue 1enH BospoxwfaeTca TOKO pawuKas SiCls, Tak Kak O60 panu- 
Kaul, J€MCTBYA Ha MOJeKYJY KPeMHHHrHApwa, KOHUCHTpaluA KOTOpPOrO OTHO- 
CHTEJIbHO BeJIHKa, HOJKEH OTOPBaTb aToM BOJOpOa C OCBOOOKTCHHEM CHJIMJIb- 
HOrO paqukasa. Takum o6pa3oM, Ip pasBHTHM Tmpouecca TelCTByICWIMM Haya- 
JIOM ABJIACTCH CHJIMJIbHBI patuKan. OuepvfHo, o6€ MapasseubHbIe peakUHu 
IIpOTeKaloT B P€3yJIbTaTe aTaKH CHJIMJIbHOTO PayuKaJia Ha MOJIeKyy OpraHo- 
XJIOpHya, HO MO pa3JIMUHbIM MecTam. 

IIpu atake paguxana SiCls na arom xnopa MoulekysbI x0p6eHso0a MpoHc- 
XOJHT OTPbIB aTOMa XJOpa H OOpasyroTcA YeTbIPeXXJOPHCTHI KpeMHuM Hu he- 
HHJIbHbIM PpaluKad; NOCIeqHHH, Pearupys C TPHXJOPCHMAaHOM, BHOBb JaeT pajin- 
Kam SiCls: 


GiGi tsiGli to SiCle=t Catia 
Ca; = HSiCl, ny CsHe -L SiClg. 


Takopa cxema peakilMH BOCCTaHOBIeHHA. O BosHNKHOBeHHHC,H; B xoze peak- 
IMM CBHeCTEIbCTBYeT M301 POBaHHe M3 KYOOFOTO OcTaTKa And enya, OCpasoraB- 
INerocad, OYVCBHAHO, peKOMOUHAallNel (PEHUJIbHLIX PaqMKaoB. 

Jin mpoxoxKeHua peakUun KOHeHCaHH HEOOXOLMMO, TOC! B OpraHoxso- 
puge cBa3sb C — Cl Haxofuuiach pu yraepofe, cBAsaHHOM c coceqHM yraepo- 
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‘MOM %-cBa3bI0. ATaka CHJIMIbHOTO pawHKasla MOET HalpaBAATDCA Ha Takyto 
‘CBA3b C OOPasOBaHHeM Tak Ha3bIBaeMOrO t-KOMIIeKCa, HalpuMmep: 


Onl 


“SiCly 


/OOpasoBaHve MpoMexyTOUHBIX O-KOMIII€KCOB OJXKHO ObITb UCKsIOUeHO, 
'TaK Kak peaKIHH C pa3/IM4HbIMH apWJIXOPHAaMu HUKOTa He NpHBOLUH K OOpa- 
/SOBaHHMI0 M30MepoB; KpOMe TOrO KOJHYECTBO ras00bpa3sHbIX MIPOLyYKTOB peakLHH 
Ip CTO/Ib BLICOKOM TeMllepaType BECbMa HesHauNTebHO (~1%), uTo yKasbIBaeT 
Ha OTCYTCTBHeE HapyUIeHHA apOMATHYECKOM CHCTeMBI. 

| Ilpu ctorKHopenuu mpomMexyTOUHOrO N-KoMIIeKca C MONeKYOM TpuxTOpcH- 
‘slaHa OOpa3yeTCA apHJITpHX/OPCHJaH, XJIOPHCTEI BOOpom H reHepupyercs cu- 
“WWIbHEIN  paqukan: 


a 
} 


+ Sa + HSic----= CSc + HI +SiCl, 


ni nntenae st 2s ve 


“SiCl, 

Takum 06pa30m, CyuIHOCTb MeXaHH3Ma KOHJeHCAaLLMH H BOCCTAHOBJICHHA CBOLUT- 
CH K KOHKYPeHIMH aTaKH CHAMJIbHOTO pajluKasla Ha aTOM XJlOpa UN-3JIeKTPOH- 
HY10 CBA3b MONK Jb Opranoxopusza. IIpeqnomwenHas runoTesa Mex aHHu3sMa peak- 
WMH KOHJeHCalMH M BOCCTAHOBJICHHA XOPOWIO OOBACHAeT NOyYeHHBIe Hamu 
SKCIEPHMEHTAJIbHBIe JAHHbIe, a HMCHHO: yBenuuenne K/B npu HaMuuH B xsOp- 
‘OeH30/Ie€ SJIEKTPOHOMOHOPHbIX 34MeCTHTeJIeH HM YMeHbINeHHe ero Ip 3JIeKTPOHO- 
aKIeCNTOPHbIX; yBemuueHHe K/B mp peakuHH c xmopHadTaMHaMu; Mpoxoxye- 
He TOJIbKO peaKUMH BOCCTAHOBJICHHA MPH HACHINeHHbIX alMdaTH4YeCKHX XJIOpH- 
wax HT. 2. 

MerTosnka poBeqeHHA 9KCIepHMeEHTOB oncana pauee (?). 


MucTHTyT OpraHuueckoH XHMHH Tlocrynusio 
Axanemuu HayK CCCP . 26 XII 1960 
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_XHMH4A 


Uaen-Koppecnonzent AH CCCP HW. H. MJIAKCHH, H. ©. CUIEMYEHKO 
uw JI. M1. CTAPYHK 


MPHMEHEHHE HEMTPOHHOTO AKTHBALLMOHHOrO AHAJIH3A 
AJisi ONPEMEJIEHMS COMEP)KAHMS BOJIB®PAMA B MHHEPAJIAX 
MW MWPOAYKTAX OBOFAWIEHHS 


Sepuple peak HW HaBeyleHHad C HX MOMOLIbIO HCKYCCTBEHHAA PayuOakTUB- 
HOCTb HaXOJAT IIPHMeCHeHHe JVIA ONpPeTeJIeHHA COJepKaHNA Pa3sJIMUHbIX SJICMECH- 


TOB B MMHepasiax HW MposykTax oOoramenua. Ja onpemeneHHA JIEMCHTOB XC- | 


MOJIbSy!IOTCA TaKHe AepHble peakWHH, B KOTOPbIX BbIXOJ, BTOPHUHbIX YACTHIL 
3aBHCHT OT Opeemsemoro 9IeMeHTa (1), HAM TakHe, B KOTOPbIX BbIXOJ, BTOPHUHBIX 
yaCTHL JIA LAHHOFO 9JIEMCHTa 3HAYHTEIbHO OObIIe, YeEM Y APYFrHX, COMYTCTBYIO- 
UHX 9IeMeHTOB (”). McKyccTBeHHaA palHOaKTHBHOCTh, HCHOb3yeMad AIA Onpe- 
J\eJICHHA SJIEMeCHTOB B MHHepasiax HW MpOAyKTaXx OGorallleHuA, CO3aeTCA NOTOKOM 
HeHTpOHOB (OMpeseeHHe aIOMHHHA, MapraHita, MHAMA M BaHaqua) (7) HAM 
a-yacTHamu (OnpeseeHHe asIOMMHHA UH Oopa) (4). 

Hamu HcKyCCTBeHHadA payMOakTHBHOCTh, BbISBaHHad HeHTPpOHaMH, HCMOJIb30- 
BaHa [WIA ONpeeeHuA COMep2xKaHHA BObippaMa B MHHepasax M B MpOyKTAax 
oOorauleHHA. Bo3sMOxKHOCTh OnpeseeHHA BOMbpaMa HeHTPOHHbIM AKTHBAILH- 
OHHbIM aHaJIH30M B MHHepasiax HM HpOMyKTax OOorallleHuA OObACHAeTCA TEM, UTO 
BOJIbPpaM UMeeT OOMbUIOe CeYeHHe AepHOH peak 3axBaTa HelTPOHa, B pe- 
3yIbTaTe KOTOPOH OOpasyeTCA MCKYCCTBeEHHAA pasMoaKTHBHOCTb. CeueHHe 


peakuun (1, Y) qt BOubpama paBHo 9,9 OapH Ha atom (°). B pesybTaTe JaHHOu © 


peakWun OOpasyeTcaA paqvoakTHBalHOHHbIt H30TON BOmbppama W?8? (T:), 24,1 4a- 
ca). B nmpofykTax oOorailleHua BOUbpama MpH MepepaooTKe WeeHTOBHIX pyA 
B KOHI[CHTpaTe KOJIMYeCTBO IleeIHTa JOCTHraeT eCATKOB MpOLeHTOB. 

J\pyrue 3J1eMeHTbI, OObIYHO COMYTCTByIONMe BObpaMy B WIeeNHTOBLIX py- 
aX, HMeIOT HJM Masioe 10 CpaBHeHHIO C BOWIb(paMoM ceyeHHe peakuHH (nN, ¥) 
(KpeMHHH, OJIOBO, KaJIbIMH, *Kese30, Cepa, MarHHH, HUKeuIb), HIM BCTPpewaloTca 
B KOJIMYeCTBAX, HE MEIIMaIOINMX OMpeeeHHio BOMbipaMa (Meb, MbIWIbAK, Map- 
raHell, HaTpHu, ocdop). 

OOsyyeHHe HeHTpOHaMH MPOBORMMOCh OT MOMOHUL -GepumHeBOrO HCTOU- 
HMKa HeHTpOHOB aKTMBHOCTHIO SCu nO nosoHnMtO. Jia 3ameqneHuA HeHTpOHOB 
Obl HCMOIbSOBaH MapapHHOBLIi OOK, B WeHTpe KOTOporo noMelllaica Mos0- 
HM - OepHJIIMeBbIM MCTOYHHK. SallluTa OT HeHTPpOHOB OGecne4ynBaacbh Cc M0- 
MOUbIO MapapuHOBbIX KUpMMyeH, CosepxKalux Oop, HW WHcTOBOorO KagqMHaA. CBH- 
Hell CJIYXKHJI 3alMTOH OT OTHOCHTebHO Ca6oro Y-H3syYeHHA MapapHHoBoro 
O10Ka. 

KacceTa c npoLyKTaMi OOorallleHHa, COLepKallMMH WIeeUT, IA AKTHBALMH 
MOMEeWaacb B WeHTp MapapuHoBoro O0Ka, BHYTPH KOTOporo Obl OCTaBVIeH 
COOTBeTCTBYIOUMMH KaHa. CueT HaBeeHHOM AKTHBHOCTH Mpon3BosMIcA M0 B-H3- 
ay4eHHio us0Tona W'*? TopHOBbIM CueTHHKOM C MOMOULbIO ycTaHoBKH B-2. Bpema 
akTHBaluHHn 1,5 vaca 6pl0 BbIOPaHO H3 cooOpaxkKeHHH NOyyeHHA OcTaTOUHOH 
AKTHBHOCTH B MpoOe. 3a 9TO BPEMA AKTHBALLMM 9ICMEHTHI, COMYTCTBYIOULHe e= 
eMTY B PyMaX, yBe/IM4HBaIOT AKTMBHOCTh aHaH3Hpyemou mpobni. Jaa CHMxKe- 
HHA AKTHBHOCTH JIerKUX IJICEMCHTOB (aJIOMHHHA, KpeMHHii) mpoOa BbI,epxKHBa- 
JlaCb Mepew CyeTOM B TeyeHve 20 MHH. 

SXU 


Hamu BbIACHAJIOCb, IPHCyTCTBHe KaKHX 3JIEMeCHTOB H B KaKOM KOJIMYeCTBe 
fO%KeT MellaTb OlpeyeseHHio WaHHOrTO 9yIeMeHTa. OT aKTHBHOCTH 3JI@MCHTOB 
‘aKHX, KaK MapraHell, MOJIHOJeH, Mb MOXKHO «OCBOOOAHTECA», HCMOIb3yA 
DHJIbTPbI LWIA MOrOMeHUA B-yyeH HH3KUHX 9HeprHh (1,33 Msp y W148"), nBax- 
{bl IPOC4YHTHIBAH AKTHBHOCTb IIpOOnt. 

Ha pwc. | npupeyen rpalyHpoBounblit rpaduk OnpeyeseHua wWeesuTa B CMe- 
‘Mc (prooputom. Ppaduk npesctaBsaeT Co60H 3aBHCHMOCTb cyeTa PajMOaKTHB- 
10CTH OT COflepxKaHHA BOIbdppama, ero NpsAMOHHeH- 
10CTb flaeT BO3MOXHOCTD ONpeeIeHHA WleeHTa B 
IpowyKTax oO6orallieHus. 

Tlepuoy momypacnaya usoTona W1*? oTrHocuTebHO 700 
3€IUK, MOSTOMY JWI MOBBILICHHA TOUHOCTH OMpenese- 
1H MOXKHO YBeJIMYHBaTb BPeMA Cu4eTAa HaBeeHHOH = 
JalMoakTuBHOcTH. Tak mpv BpemMeHH cueTa 30 MHH. SO 
WIHOKA ONpPeeJICHHA WieeIMTa B KOHILEHTpaTe cocTa- 
suT 1,5%. JL yBeMueHHA TOUHOCTH H yMeHBINeHHA 
3peMeHH OpeeJIeHHA IeeIMTa B KOHICHTpaTe H py- 
(aX MOXKHO YBeJIMYHTb AKTHBHOCTb MOJIOHHH-OepHil- 
MeBoroO HCTOUHUKA, a TaKX%Ke YBEMYMTh AuaMeTpy 

é uc. 1. 3aBpucumocTb cueta 
dkHa TOpmoBoro cyeTaHKa. IIpH McnOb3OBaHHH HeEHT- yasenennoi aKTHBHocTH OT 
DOHHOTO aAKTHBAIMOHHONPO aHaJH3a WIA ONpewesenua COMepRKAaHHA BOJIbSpPaMoBo- 
2ofep2KaHHi OCHOBHOrO KOMIMOHeHTa B MHHepalax HM [0 aHTu~pHya B cMecH Uee- 
Apo@yKTax oOoralleHus HcuesaeT TpyAHOCTh XUMMYe- Bae ee oop BION 
2KOrO paseJeHHA CONYTCTBYIOWIMX 3JICMeHTOB. 

Onpejlemenue coszepKanuaA BOJIbippama B MHHepaviax c MapraHlem (rioGHepHT), 
AMEIONLMM OOJIbLIOe CeYeHHe AKTHBALMH MPH 3aXBaTe TeMJIOBbIX HCHTPOHOB, MO- 
KET ObITL MPOHSBECHO 0 Y-H3JIyYeHHIO C IPHMCHEHHeM MeTOOB AepHOH cieKT- 
pockonuu. 

B cepGepute xemes0 UMeeT CeueHHe peaKkuuH (n, y) 0,001 OapH Ha atom, m0- 
STOMY MIpakKTHYeCKH AKTHBMPOBATbCA Ha HCTOUHMKe aKTHBHOCTHIO 8 Cu 110 NOJ0- 
HHIO He OyJeT. 

B KOHILeHTpaTax MOJIHOJeHO-LIeeIHTOBLIX Py] Coep2xKaHHe MOMHOLEHA OXO- 
QUT Mo 4,5%. YBenu4eHHA CueTa paqHOaKTHBHOCTH MpOGbI 3a CUeT AKTHBAILMH MO- 
WHOeHa MOXKHO W36@KAaTb, WaB BbIJepxKKy Tepe cueTOM AKTHBHOCTH IIpOObl 
1,5—2 uaca, Tax kak Mo!"', o6pa3yloniuiica mpu akTHBaluH, UMeeT nepvoy, m0- 
wypacnaya 14 Mun. 

HeliTpouuHblit akKTHBaWMOHHbIM aHaJIM3 MOXKeT ObITb IIPHMeHeH MIA OMpeseue- 
HHA cofepxKaHvA BObdppama B cTaax (°) MH MeTaOKepaMHyeCKUX TFBEPABIX 
cilaBax, coflepxalljMX KOOaJIbT HM THTAH, HaBeJeHHaA AKTHBHOCTb KOTOPBbIX 
MOXKET ObITh YMCHbINeEHA NOMYTOpayacoBol BbIepKKOM Nepes cueTOM. 
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XHMHA 


H. A. TOPOMOB, A. WH. BOMKOBA, axayemux AH JlarsCCP A. ©. HEBHHbIL 
uC. K. ANMMHATHC 


OB OBPA3SOBAHHHM TBEPABIX PACTBOPOB ME)K]LY 
TPEXKAJIBILMEBbIM H TPEXCTPOHUWHEBbIM CHJIMKATAMH 


CKNOHHOCTb TpexKaJIbUMeBOro CHIMKaTa K OOpas0BaHHt0 TBEPAbIX PaCTBOPOB | 
C JAPyrMMH KOMMOHeHTaMH TpefcTaBsIAeT OOMLINOM MHTepec MIA KPHCTaINOXH- 
MMM CHJIMKaTOB, XHMMM H TEXHOJIOTHH WeMeHTOB, OrHeyMOposB HT. J. 

QKCHEPUMeEHTAJbHbIe PaOOTh! NOCMeqHUX JIeT NOKa3aM, uTO 3CaO-SiOe 
cmoco6eH paCTBOPATbh HeKOTOpOe KOJIMUeECTBO OKHCIOB xpoma ('"), KOOambTa 
MW HuKessA (°), 2*Keesa, MapraHtta, docdopa (4), a TakxKe TuTaHa. CymlecTBeHHOe 
3HaUeHHe JIA XHMUM WeMe€HTa HMECT BOMpOc O PacTBOPeHHH OKHCH MarHHuA U 
OKHCH aJIOMMHUA (HJIM aJIOMMHATOB KaJIbILHA) B TP€XKaJIbIMeBOM CHJIMKaTe. 
CoctaB 3TOro TBepforo pacTBOpa, NOJYYMBUIerO Ha3BaHHe asuTa, Obi Mpeqo- 
7KeH B Buse 54 CaO: 16SiO2- Ale O3 -MgO (°). BosmoxHOcTb O6pa30BaHUA TBEPbIX 
pacTBopoB Mexyzy 3CaO-SiOz u 3SrO-SiOz Jo noceqHero BpeMeHH CTaBHJIOCh 
mo, comHeHHe (°), CHHTe3 CAMOrO TPEXCTPOHIMEBOLO CHJIMKaTa Obl OCYUIECTBJIEH 
TombKO B 1952 r. (°); nepBbIli *xe UCCeMOBaTeIb CucTemEl SrO — SiOz ScKona 
OOHApyXKU JIMUIb [Ba COCHHEHUA CTPOHIMA — MeTa- HM oOpTOCcHHKaT (*), 

CorsiacuHo jjaHHbim (°), TpexKabUveBbI Wu TPeXCTPOHILMeBHIIi CHIMKAaTHI He 
MOXOXKH HU 10 PUSHYeCKHM, HH M10 XAMM4ECKMM CBOMCTBAM HM He CKJIOHHBI K OOpa- 
30BaHHIO TBepAbIX pacTBOpoB. Tem He MeHee, aJIbHewiMe paOoTb NoKa3aun, 
YTO STH MMHepabl OOaaloT CyWeCTBeEHHbIM CXxOfcTBOM. Tax, Maccassa (8) 
yal0Cb yCTaHOBUTb, TO CHJIMKaT CTPpOHIMA BCTpeyaeTCA B HECKOJIbKMX TOJU- 
MOPHEIX MOMuKayHAX. Ilo Jannbim padotet (*), ABJIeHHe NOMMMOpdusMa CBOH- 
CTBeHHO HM CHJIMKaTy Kabila. Kpome toro, 3SrO-SiOe, Tak me Kak H 
3CaO SiOz, WMeeT orpaHHueHHble TemMepaTypHble OOacTH ycTOMUYHBOCTH B 
COOTBETCTBYIOIWUX CHCTeMaX. 

Jlasee, OHM V3 BayKHBIX JWI XMMHM IeMeHTa OOULMX CBOHCTB ABJIAeTCA 
CHOCOGHOCTb K TBepJeHHIO Ip OOpaboTKe BOAO. ITHM KayeCcTBOM, IO MHeHHIO 
Bpanucxu (°), o6mamaeT ofHa U3 pasHOoBUAHOCTehH 3SrO-SiOs. 

VM, naxonen, Kapsicony u Youicy (*°) yqaoch CHHTe3HpOBaTb FupOcHsMKaT 
cTponuua 3SrO:SiO2-2H2O, cxoyqubiii To cocTaBy c rHApOCHHKaTOM KaJbunA 
3CaO -SiOz-1,5H2O, KoToppiii o6pa3yetca pH rus~poTepMambHOH ob6paboTKe 
3CaO :SiOz. 

BausocTb XHMM4eCKHX CBOMCTB 9ieMeHTOB Ca u Sr HM MX HOHHBIX payHycoB 
(Ca 1,04 A, Sit? 1,20 A), a TakxKe paccmOTpeHHaa aHasIOruA CBOMCTB COOTBET- 
CTBYIOUMX CHJIMKATOB MOryT CJIYXUTb OCHOBAHHeM JIA MpesnouowKeHuA O06 O6- 
PasOBaHuH TBepALIX PaCTBOPOB MexKJly HHMH. OfHaKO BeCbMa 3HaUYHTeJbHOe 
CXOJCTBO ONTHYeCKHX MOKazaTesel ITHX MHHEPaJIOB H OTCYTCTBHE OKPACKH CHJIb- 
HO 3aTpyJHAIOT uCcCeqOBaHHe. BowbuIMM NpenATCTBHeM ABJIACTCH TakxKe OrpaHu- 
yeHHasA OOaCTb ycTOHUMBOCTH OOOHX COeLMHeHHH. 

Hamu cylelaHa MOMbITKa HCCJeAOBaTb BOSMOXKHOCTh OGPasOBaHHA TBEPIbIX 
pacTBOpOB MeKy YyKa3aHHbIMH MMHepanamH U pees pacTBOpHMOCTH 
3SrO -SiOz B cHaMKaTe KaIbuuA. 

Bbw CHHTe3HpOBaHbI OOpasUbl cuIekyioulHx CocTaBoOB: 4MCTHI 3CaO-SiO2, 
95 Bec. % 3CaO-SiO,+ 5 Bec. % 3 SrO-SiOse, 92,5 Bec. % 8CaO :SiO2+ 7,5 Bec. % 
35rO -SiOz, 90,0 Bec.% 3CaO-SiOz + 10 Bec. % 3SrO-SiOsz. 
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_ B kKayecTBe MCXO{HBIX MaTepHaNOB UCHOMb3OBaIMCh MPHPOAHbI KaJIbILHT, 
POpHBIM XpycTalb, yriekucabt <““oonuni. TOHKOM3Me/bueHHad TULATeIbHO Te- 
pemMenianHad wuxTa OOxKMrasacb*’? sae Ta6eTOK B Teuenve 100 uac. mpu 1400° 
w 3atem 12—15 uac. npu 1550—16bu° B naaTHHOBOM Turvie B Mewax C TWIaTHHO- 
BbIM H IlaTHHO-poyMepbim HarpeBatenamu. Iloce kKaxoro OOxKUra MposomKu- 
TebHOocTbIO 10—15 yac. TaGmeTKa pacTupasacb, 3alpeccOBbIBalacb HM BHOBb 
OOwKUralach. OOoxKeHHEIC OOPaslibl OLICTPO OXaKMAIMCh MyTeM 3akKanKH Ha 
BOsyxe, 

XMMMYeCKHH aHaIM3 NO CIMpTOBO-riMuepaTHOMy cmocoOy noKa3a, uTO 
mocie OOKUra 10 yKasaHHOMy pexkKuMy oOpasup c 5 uw 7,5% 38SrO-SiO» He co- 
Hep2KaJId He CBASAHHOM B CHJIMKAaT OKHCH Kamba. OOpasen c 10% cunuKata 
CTPOHIMA He yalOCb NOyYTb 6e3 
cBoooyqHOoH CaO axe mocne 40— 
50 uac. sKcno3uinH mpH 1550— 
1600°. OOxur o6pasi0B ~B MuKpO- 
feu c BOUIb*paMOBbIM HarpeBaTevieM 
apu 1700—1800° Taxxe He mpuBen kK 
KeNAeCMOMY Pe3yJIbTAaTy. 

KpucTajioonTHueckHi  aHasiH3 
IPpOH3BOAMJICA B HATpHeBOM cBeTe 
pH mocToAHHOK Temmepatype (22°). 


HomyuenHble pesyibTaTbl MoKasaui, Wong fe 
HTO OOpaslbl c cosepxKaHvem 5 u ie 
7,5% 3SrO-SiOe cocrosau u3 ci1a60 ? : 

Puc. 1. Kpuspie fudiepeninaibxo-repmuuec- 


IBYIpeJIOMIAIOWUX 3epeH TPeXKasIb- 
qMeBOro CHIMKAaTa, WMerollero n0Ka- 
sATEIH CBETOMPCJIOMJICHHA HECKOJIbKO BpIIIe, UeM y YHCTOrO MHHepasia, a HMeH- 
fo: uucrnm 3CaO-SiO2.—1,717—1,720: c 7,5% 3SrO-SiOe—1,720—1,724. 
PasHulla B NoKasaTeAxX CBeTOMpenomseHua uncToro 3CaO SiOz u TBepzoro 
DACTBOPA CTOJIb HE3HAUMTEJIbHA, UTO JaHHbIe XMMHYECKOTO HM KPHCTaNooNTHYe- 
‘KOTO MeTOfa HeEOOXOJMMO ODIO MpOBepuTb AudpepenuasbHO-TepMuyeCKUMU 
\CHTTeHOrpaduyeckHM aHaJH3aMu. 
. Ha puc. | npefcTapnenbl TepMuyeckHe KPHBbIe, CHATHIC Ha yCTaHOBKe Js 
(MUKPO-TepMoaHasu3a Cc OOpasioB yNcToro 3CaO -SiOez (KpuBas 1), c 5 (KpuBas 2) 
17,5% (KpuBaa 3) 3SrO-SiOz. Monmxenue TemnepaTypbl MOMMOppHbIX mpe- 
spallleHul TpexKaJIbl{Meporo cusmMKaTa Cc MoOaBKoN 3SrO-SiOez no cpaBHeHuio 
: UMCTBIM MUHepaJIOM MOET ObITh OObACHEHO OOpasOBaHHem TBepZOro pacTBopa. 
JTHOCHTEIbHbIE 3HAYEHHA TeMMepaTyp SHAOTepMHYeCKHX peaKUMH CwleWyroulHe: 
ia uuctoro 3CaO-:SiOz mepBoe mpeppalleHue UMeeT MecTO IPH TemmepaType 
IpumepHo 900°, Bropoe — 950°; aa TBepforo pactBopa c 7,5% 3SrO-SiOz— 
350 u 920° cooTBetcTBeHHO. PesyabTaTbI TepMHYeCKOrO aHaJIu3a JIA UMCTOTO 
CaO -SiOz cormacyioTcs c JanHpimn (1) c TO THM pasHulei, YTo Temlepatypbl 
IpeBpallleHH B HalMX YCJIOBHAX OKa3aJIHCb HECKOJIbKO Hume. Hamuune 9HJO- 
‘epMH4eECKUX PeaKIMH CBA3AHO, BEPOATHO, C NOJMMOPHbIMM MpeBpallleHuAMu 
‘pexKaJIbiueporo cusMKata (7,11): 


KOTO aHaJIH3a HCCJICIOBAHHbIX o6pa3iloB 


900° 950° 
yucThli 3CaO-SiO, TpukMHHbIlt [> MOHOKMHHBIM <2 TpHrOHaJbHbII. 


Jlo6aBka HOHOB CTPOHIMA HOO He H3MeHAeT pelleTKy, HOO UCKaxKaeT ee 
TOJIb HE3HAUMTEIbHO, YTO BBICOKOTeMIepaTypHble [peBpalleHHA TBeporo 
JACTBOPa HMEIOT, II0-BHJHMOMY, TOT %Ke XapakTep, 4TO HM y 4MCTOrO MHHepasa, 
| HME€HHO: TBepfloMy pacTBOpy Takxke CBOHCTBeHHbI [Ba MOJMMOpHbIX mpe- 
\palleHusa. 

PentreHorpaduyeckult aHasv3 OOpa3siloB MpOK3BOANJICA NO aCHMMeTPHYHOMY 
retony (1*). PentreHorpaMMbl CHUMaJHCb B IIpelWM3HOHHOM WHJIMHApHyecKon 
camepe. Mcnonp3o0pasoch CuKa-n3snyuenne. IpdekT sIOMHHECIEHUMH ObII OC- 
‘aOleH OnarofapaA MpumeHeHuio astomMHNeBOH doubru. Jia nojyaenua m0 
lOSMOXKHOCTH GOIee PeE3KUX MHTepdepeHIUMOHHBIX JMHHM U3rOTOBJAJICA TOHKHH 
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rpenapaT WyTeM HaHeceHHA MOpourKa O6pasiia Ha CTeKJIAHHBI BOJIOCOK TOJI- 
muHolt 0,04—0,06 mm. CremKa pentrenorpan’* mpovsBofusmach mpH 18—19°. 
Vismepenve paccTosHuit Mexiy mMHTepcbepeH.- HHBIMH JIMHHAMH OCYeCTBJIA- 
JOCb Ha rOpH30HTabHOM Kommapatope M3A-2 c TounocTH10 = 0,01 mM. 

Ilockoubky He yasoch MOJYIHTb YeETKUX HH B OOMACTH OOJIbINMX yTVIOB | 
6, TO Was pacueta aptbeKTHBHOrO AMameTpa IWJICHKH Ha STY YaCTb PeHTTeHOrp aMMEI 
Obla CHATA MeTaJIMYeCKaA Me]b. 

Ha puc.2 (cM. BKeliky K crp. 830) u3s06paxkeHa peHTreHorpamMMa TBepforo 
pactsopa c 7,5% 3SrO-SiOz, nomyyeHHasd mocue 55-yacoBoH SKCNOsHIMH. 

XoTaA HW He yalocb NOMYYMTb YeTKUX JIMHU B OOMacTH OouIbUIMX yrvioB 4, 
KOTOPbI€ MO3BOUJIH Obl HMCTb J.aHHbIe BbICOKOH TOUHOCTH, TeM He MeHee H B Ha- 
wlemM Culydae JOCTHTHYTad TOYHOCTh OKa3alaCcb BMOJIHeE yOBJIETBOPHTeJIbHOH. 
Cpequaa apudmetuyeckasd ommmOKa Jia ycpegquennoro d coctapaaia + 0,001 | 
WM MpHOMM3HTebHO OMHAKOBA [JIA BCX HCHOJIb3OBaHHBIX JIMHHH. | 

Hike mpHBeseHbl 3HaveHHA * MeyKIVJIOCKOCTHBIX PaCCTOAHMM [JIA UMCTOFO | 
3 CaO SiOz u ero TBepzoro pactBopa cc 7,5% 3SrO-SiOe. Bpiim BEIOpaHbl WecTb | 
HavOOsee OCTPbIX HM CHJIBHBIX MHTepiepeHUMOHHIX JMHHL B OOmacTH yri0B 0 
OT LOn lation leo = | 


don vinemane es OasOs Agia BCs Boal aa nedsy asGess) aves 
dep TBCPAOFO pactTBopa Aes) All Aoiltlels eles, alseyAAo) (0) eB} 
0 


da ,0083 0,0092 0,0059 0,0058 0,0027 0,0028 | 


Anasu3 peHTreHorpadHuecKux JaHHbIX C OUCBHAHOCTbIO YKa3bIBaeT Ha Ha- 
JIM4He TBEPALIX pacTBOpOB b cucTeme 38CaO -SiOz— 3SrO-SiOz wu nozTBep»xKqaeT 
pe3yJbTaTbl KPHCTaJOONTHYeCKOrO U AudpepeHUHa/IbHO-TepMHYECKOLO MeTOIOB. 

[Ipeme pacTBOpHMOcTH TpeXCTpOHUHeBOrO CHJIMKaTa B TPeXKaJIbILMeBOM 
CocTaBJIAeT 110 JaHHbIM 9KCIepHMeHTa MpHMepHO 7,0 Bec. %. 

Ucxoa 43 CynleCTBYIOUIMX MpecTaBJIeHHH O 3aKOHOMepHOCTAX OOpa30Ba- 
HHA TBEPAbIX paCTBOPOB H H3OMOP*H3Me MOXKHO NOaraTb, YTO paccMaTpHBaeMbIi 
MIpHMep €CTb IIPHMep TBeEPJbIX PaCTBOPOB 3aMeNI€HHA WJIM TBeEPAbIX pacTBOpOB 
l-ro pola, mpuyem 3aMmellaioulMe [pyr Apyra MOHbI OONaL_aioT OJMHAKOBOM Ba- 
JeHTHOCTHIO. Ciryuaii H30BaeHTHOTO M30MOpdu3smMa apbl HOHOB Ca?*~7Sr?* 
BeCbMa MaJIO H3yYeH HM MpescTaBsAeT OOMLUWIOH HHTepec WIA KPHCTaIOXHMMH 
CHIMKaTOB H Y4eHHA O TBeEpbIX pacTBOpaX. 


VMucTuTyT XHMHH CHuIMKaTOB Tlocrynuio 
AxkajlemMHH Hayk CCCP 21 XI 1960 
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* - 
IIpHBo_atca cpequHe 3HaveHHA M3MepeHHA yeTEIPeX MIeHOK OOpa3s0B JBYX CHHTe3OB. 
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Woxraxagn Akagqemun nayr CCCP 
1961. Tom 137, Ne 4 


XHMHA 


‘Uuen-Koppecnonsent AH CCCP P. X. ®PEMJJIMHA, E. LU. YYKOBCKAS, 
IJAO-H wu akagemuk A. H. HECMESHOB 


TEJIOMEPH3AHWHHA HW MOJIMMEPH3SAWHA ITHJIEHA 


5c KPEMHHH PHAPAXAMH B MPHCYTCTBHW YETbIPEXXJIOPHCTOTO 


THTAHA 


B ofHon “3 mpespiymnx crateli (*) MbI KpaTKQ COOOMININ O TOM, ¥TO 4eTHI- 
PCXXJIOPHCTLIM THTAaH KaTaIHM3HpyeT (HHUWMMpyeT) peakHIO TelOMepH3salun 
9THJIeHa HM MpONWvieHa C MeETHJIUXJIOPCHJIaHOM 10 CxeMme: 


CH;SiCl,H -+ nCH, = CHR > CH;SiCl. (CH:CHR), H 


PeakulMA OCyllecTBIeHa pH JaBmenuu ~200 atm. u Temnepatype 190— 
200°. Auanoru4uHo JlelicTByeT rekcaruspaT OOBOXJIOPHCTOBOLOpORHOH KHCJOTHI. 
B HacTosieH paOoTe HaMH H3Yy4eHbI peakIHu STHJIEHa C CHJIMKOXIOpodop- 


MOM METHJIJUXJOpCHaHOM HM TpH9THJICHaHOM B NpucytTcTBuH TiC], Peakuun 
OCYILECTBIAJHCb B CTAJIbHOM aBTOKaBe TOM aBsIeHHeM HM MpH HarpeBaHHH. 
Oxka3asiocb, 4TO B CJIyuae METHJIUXMOpCHaHa HM CHMKOXNOpodopmMa rwayKo 
MC XOpolleH KOHBepCcHelt TeyeT TeOMePH3allHA 32THJIEHA. 

M3 cmecH MpoOfyKTOB TeJOMepv3alluH STHJIeEHa C CHJHKOXJOpOdopMomM B 
pucytctBun TiCl, Hamu BbIJeNeHbI MHUBULyasbHble MpOLyKTbI CTpoeHua 
SiCls C,Honi1, re n = 2, 4, 6, 8. KoncTaHTbl STHX COeMHHEHHH, aTakxKe Mpo- 
JLYKTOB UX MeTUJMpOBaHHA COBMaJIM C paHee OMMCAaHHBIMH Hamu (?). HopmasbHoe 
CTpOeHHe aJIKHJIbDHbIX PpyNl ITHX MPOAYKTOB MOATBeEpAKAeHO H3yYeHHeM HX U.-K. 
cneKTpoB. ConoctTaBJieHHe BbIXOJOB OTI@JIbHbIX TEJIOMEPrOMOJIOFOB, MOI yYeHHbIX 
IIpH TepMuuecKOH TewOMepHsalluH Hu B MpucytTcTBHH TiCl,, mpeycTaBseHoO 


B Tao. |. 
Ta6auna 1 


OTHOCHTebHbIi BLIXOZ, % 


YcCAOBHA ONbITOB ROBES One 

HSiCh, %|n—=2|n=4)n=6|n=8 n>8 

TepMuuecKkad peakunx 280°, 200 
aT. (*) 90 21,7 28 LST 15 Aiiea 

Peaklua B UpucytcTBHH TiCl, 180°, 
190 arm. (onbIT B) 87 25 35,5 PAI 11,8 6,6 

Peakuust B mpucytcTBuH TiCl, 180°, 
280 atm. (onbiT A) 83 14,7 22,7 28,5 14,5 19,6 


PeakWMA MeTHJIQMXIIOpCHaHa C STHJICHOM, MpoBeyeHHadA B IIpHCyTCTBHU 
TiCl, mpu Temnmepatype 180—200° u mMakcumambHoM JaBenuu 280 aTM., npHBema 
kK OOpa30BaHHio0 CMecHu TesOMepromovioroB cTpoeHuaA CHsSiCl,C,Hon4,. Peakuna 
OCJIOHKHAeTCA OOPas0BaHHeM 2%KUAKUX YyIeBOLOpOAOB B pesywJIbTaTe MOJMMepH- 
3allHu STHIeHA. 

VW3 peakIlHOHHOM CMeCH BbIJeIeHbI HHJMBUAyaJIbHble MeTHJIAaJIKHJIUXJIOp- 
(CHJlaHbl, Jit KOTOpBIX n = 2, 4, 6, 8 (cM. 9KCHepHMeHTaJIbHY!0 YacTb, onmbiT II). 

B cnyuae peakUMi TpHSTHJICHJIaHa C STHJIEHOM B IIPHCyTCTBHU TiCl, B aBTO- 


‘KulaBe, NO, JaBsieHvem, mpH 130° umeeT mecTo NowHMepH3allua STHIEHA C O6pa3o- 
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BaHHeM MOmMaTHIeHA. TeOMepHbIX IpoLyKTOB He OGHapyxeHO. Takast pasHuia 
B xOle peaKIM U3yYaeMBIX KPpeMHMUFH PU OB C STHJICHOM, M0-BHMMOMy, CBxA3aHa 
C pa3siMuveM B MX BOCCTAHOBUTEJIbHOH CIOCOOHOCTH. 

TpHoTHJICHJIaH, MMeIOUIMi 91eKTPOHOMOHOPHble pyMMbl, CBASAHHbIe C KpeM- 
HUeM, ABIAeTCH OOsee CHJIbHbIM BOCCTAHOBHTeJIeM, YEM TPHXJOPCHaH HM MeTHII- 
yuxuopceusan (°). ostomy, BOsMOXKHO, STH KpeMHnHTuApHAb! AatoT c TiCl, mpo- 
WYKTHI pasJIM4YHOM CTeNeHH BOCCTAHOBJIeHHA. 

TloutyueHHbiit HaMH MOJIMSTHJeH 10 aHHbIM peHTreHOCTpyKTypHOrO Hcce10Ba- 
Hud * (cm. puc. 1) oKa3asIcd KpHCTaJIM4YeCKUM BELLeCTBOM C BbICOKOM CTeIMeHbIO 
YHOPAMOYVCHHOCTH B KPHCTaJIMYeCKUX OOACTHX. 

CpaBHeHne peHTreHorpaMM NloJMaTHJeHa, 


% CHHTe3MpOBaHHOrO HaMH, NOHSTHIeHa HH3- 
Me yee KOTO AaBJeHUA M MOsMMeTHJeHa, MOmyueH- 
80 a HOrO IIpH pacnafe fMa30mMeTaHa**, noKa3a- 
70 eo JO HX UJeHTHUOCTD. | 
S 60 Jah Tlo qaHHbIM TepMOMeXaHH4ecKoro UHCCcJIe-. 
S 50 f* Mopanua (cM. puc. 2) MouMSTHIeH maBAT- 
S 40 f CA IIpH Temnepatype 135°, uTo TaKxKe COOT- 
© JO / BETCTBYeT TeMIepaType WaBJIeEHHA TOJM9STH- 
i a eases ] eHa Hu3KOrO JjaBsieHua. MovekyJApHbiit 


BeC, OMpeeJeHHbIH MO BA3KOCTH pacTBopa 


Te a | 
00 15 o HOJIMITHIeHAa B TeTparvf{poHadTainvne mpHu 
: 200% 135°, papen 26670. 
Puc. 2 Takum O6pa30M, ONHMCaHHbIM HaMH CIO- 


co6 momyyeHHA MOMMSTHIeHA NMOJMMepH3a- 
wei 9THIeHA B IPMCyTCTBHM TPHSTHJICHaHa M YeTLIPeXXJOPHCTOrO THTaHA, 
MIpHBOAUT K MOJYYeHHIO MpOMyKTa, KOTOPbId MpakTH¥YeCKH He OTMM4GAeTCA OT 
MOMMSTHIeHA, MOuysaemoro no Lluruepy mpH Hu3KOM JaBeHHH. B HeaBHO 
omyONHKOBaHHOM jOKsane Hume (*) Takxke OTMe¥aeTCA, UTO IPH B3AMMOJeHCT- 
BUM STHJIeHA C MCTHJINMOJIMCHJIOKCaHOM (MOJITYSeCHHbIM THAPOJIH30M MeTHJIMXJIOp- 
cuJlaHa) B IpHCyTCTBHM YeTbIPeXXJIOpHCTOrO THTaHa OOpasyeTCA MOTHSTHIIEH. 


QIKCNeEPHMeCHTAALBHAA BWAacTh |} } 

I. Tenmomepu3auuA 39THMCHA CHAUKOXIOPOMOp- 
MOM. A. B noJyJHTpoBpiit aBTOKsIaB 43 Hep2KaBelolleH cTamH 3arpy2KeHo 80 r 
HSiCl;, 1 ma TiCl,, Bosayx 43 aBTOKaBa BbITeCHeH a30TOM, a 3aTeM BBEeH 3TH- 
JieH KO Japienua 55 atm. ABTokmaB HarpeT yo 200°. MaxcumasbHoe JaBieHue 
280 arm. Peaks Beslacb pH STO TeMMepaType 3 4aca, IpHueM aBseHHe yao 
mo 160 arm. Onpir nopTopex 4 pasa, MpOyKTb! peakUMH OObeAMHEHHI MU MOMBepr- 
HYTbI (bpakUMOHHpPOBaHHOH TeperoHKe. 

Bcero sarpyxKexo 320 r HSiCl,. Momyyeno 394 r npoxyKTos peakuun. B pe- 
3YJIbTaTe Pa3rOHKH BbIJeJeHbI cbpakiHH: 


3 4 5 6 if | 8 OctaToK 

Temneparypa, °C 30—40 95—100 101—145 145—150 60—87 87—89 70—96 102 

(30 mm) (30 mm) (10 mm) (10 mm) 
4 93 y 4T 


Ne dpakiyun 1 


bo 


Been 36 48 2 74 64 


His ppaxuui NeNe 2, 4, 6, 8 moce noBTOpHOli neperoHKM MOmyueHbI COOTBET- 
CTBYIOUME MHIMBUAYabHbIe aJIKMJITPHXJOPCHaHbl. KOHCTaHTbI MOsyYeHHBIX 
COCAMHEHHM, COMOCTAaBJICEHHbIe C KOHCTAHTAMH 9THX KE BELLECTB, paHee NOyueH- 
HBIX HaMH TepMHYeCKON TeOMepHsallvel, IpHBeweHbI B TAG. 2. 

OTH AIKWJTPUXOPCHUIAHbI MCTHJIMpOBAaHbI MeTHAMarHHiionuyom. KoucTayTst 


NOJY4CHHBIX COCAMHEHHH, COMOCTaBJICHHbIe C MHTepaTypHbIMH JlanHbimMu (°), 
TIPHBeeHbI B Ta6n. 3. 


*“ PeuTrenorpaMMa HM TepMOMexaHHuecKah KpHBaA NOWyUeHbI B JabopaTOpHAX peHTTeHO™- 
cTpytypHoro aHalH3a H (pH3HKH nOMMepoB Mucruryra seMeHTOOpraHHyueckNx coeqHHeHHH- 

“* PeHTreHOrpaMMbl STHX MOJMMepOB Obl JO6e3HO MpefocTaB/JeHbI JIA conocraBNeHHA 
pesyttatos B. A. Cepreesnim. 
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K cmamee P. X. Ppetidaunoii, E. IL. YyKoeckoti, ao-uu A. H. Hecmeaxoea, cmp. 885 


Puc. 1. a@ — BOHOL XpOMOCOMHBI MOCTHK; 6 — xpoMaTHJHBI MOCTHK, 6 — xpOMaTHAHBIA 
MocTHK Cc dparMeHTaMH; 2 — MUKpoAspa 


JAH, rv. 137, No 4 


Mea Owmt cath ame, 


ee 2 


Is Veta A n29 qo MR 
L D 4 

CoenuHe- 

Hue 
auT. 4 THT. 4 THT. P 
5 Halla. qaHnupie BAEK qaHHEle BEES | auupie CTO BEIMHCJ. 
C.H;SiCl, 97 97—100 1,4248 — 1 ,2264 — 34,08 33, 44 
'C,H,SiCl, 146 146—151 1,4358 1,4352 1,1585 1,41577 42,92. 42,71 
“CoHiaSiCl,| 87 (20 mw) | 8789 14435 174440 131092 131094 52.53 52.12 
(30 mm) 
C,Hy,SiCl, | 102 (10 mm)} 97 (10 mm) 1,4490 1,4490 41,0746 1,0744 61,81 61,44 


Tao6auna 3 


tT, Kum, °G an an MR 
» Coegunenne 
‘ ‘ aT. aT. : JT. 4 
? Haiqz. qaHHble Haug. JaHHBble Haig. qaHHBle Haug BBIYHC J. 
C.H,Si(CH,), 62 62 1 ,3820 1, 3828 0, 6838 38,6849 34,78 34,83 
C,HySi(CHs)3 113 115 1, 4035 1, 4030 0, 7167 0,7184 4h, 42 44,12 

(upH 25°) 

C,Hy,Si(CH,), | 161—163 163 1,4162 14154 0, 7418 0, 7422 53,57 53,44 
C,Hy,Si(CH,), | 82 (10 mm) [82,3 (10 mm)] 1,4235 1,4242 | 00,7571 0, 7584 62,76 62,70 
x 


Bb. Onpir mpopeqeH Kak onpit A, HO MaKCHMaIbHOe flaBJeHHe lOcTHTIO 
190 atm. uw ynano B xoge peakunu Jo 100 atm. M3 80 r HSiCl, nomyueno 103 r 
‘TIpOLyKToOB peakiuHn. B pesyubTaTe pasrouKH BBIJeeHbI (PpakuHH: 


No dbpaxwuHn 1 2 3 4 5 6 fi OctaToK 
Temnepatypa,’°C 30—90 98—100 100—145 145 56—79(30 mm) ee MM) ae MM) 
Bec, T WA 19 3 26 6 16 


Il. Peakw&@ua 3THACHACMETHARUXAOPCHAAH OM. OnbiT 
Tipopeyen Kak onpiTI A. B aptoxnas sarpyxexo 60 r CH,SiCl,H u | ma TiCl,. 
Tlpu temnepatype 190—200° makcumasbHoe JaBenve 9THIeHA JOCTUrNO 270— 
280 aTM., a B xoyle peakuuu ynano yo 150 atm. Ilonyyeno 94 r npoxyKTos peak- 
Huu. OnbiT noBTopeH 3 pasa, MpOLyKTbI OObeHHEHHI HW pasorHaHbl Ha KOJIOHKe. 
B pesysbTate pasronku 259 r peakUMOHOM CMecH BBIJeJIeHbI HHIMBUYaJIbHble 
‘MeTHJaIKHIAXIOpCH abl. OTHOCHTCJIbHbIC BLIXOJbI H KOHCTAHTHI MOJTYYeCHHBIX 
(COeIMHEHUM, COMOCTABJIEHHbIe C KOHCTAHTAMH STHX 2Ke BeILeCTB, paHee MOyueH- 
HbIX HAMH TEPMHYECKON TeJIOMepH3allWel, MpHBeeHbI B TAO. 4. 


ane Hh tea 


|. 
} i, Ku, CG pe Ge MR 
: Buxoz, 
\CoequHeHue oF % 

oe H See Tur. SUT. : 

Haig. | aHHble Hala. annie Haliz. naHHbile Haug BbIVHCI. 

(@5H,SiC1,CH, 18 100,5 100 1,4190 1,4240 1,0644 1,0655 33,94 33,87 
\G,H,SiCl.CH, 18 149 147—148 | 1,4320 A 432 41,0212 1,0190 43,46 43,26 
\C,Hi,S9iClo.CH, 25 90 (31 mm) | 91 (32 mm) | 1,4890 14,4390 0, 9892 0,9931 52,95 52,09 


\C,Hy,SiCl,CH; 13 90 (6 mm) | 94(6 mm) | 41,4450 1, 4440 0, 9684 0,9764 | 62,32 61,88 


 Kpome toro nosjyyeHb! npomMexyTouHbe dpakunH c T. Kun. 7O—90° npn 
1 mm wu 60—89° mupu 6 MM, cofepxaltve TpHMecb yrsleBoqopozos 
ZaBbIIIeHHOe COfepxKaHne yrueposa HW BOMOpoya HM NMOHMKeHHbIe ylesbubIe 
(Beca). 
|) Ill. Peakuua TpHaTHACHAaHA Cc 9TH MEH OM (NOmyueHne 
MommsTusiena). B astokiaB 3arpyxeno 40 r (C,H;)3SiH, 2,5 ma TiCl,. Bosgyx 
887 
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H3 ABTOKIaBa BbITeCHeH a3O0TOM HM BBefeH STHeH JO JaBeHua 50 atm. Peak: 
iuI0 Be mp 130°. MaKkcuMasbHOe JaBseHue 95 aT. B pesysbTaTe 2-yacoBor 
HarpeBaHuA aBseHHe yriaio Wo aTmocdepHoro. IIpofykT peakunu, mpexzctas 
JIAIOUIM COOOH MpASHO-cepylo TBEpsLy1o Maccy, Oeerouly!o Ha BOSALyxe, UsBseUe 
U3 aBTOKIaBa H OUNMMIEH NepeKpHCTaIM3aWMeH H3 TOLyOuA. 


‘Hatimeno %: C 84,98; 85,04; H 14,14; 414,45 
(CHe)x. Brruuemeno %: C 895,63; Beas 37 


OnpeqeeHue MOeKyapHoro BeCa MpoBeseHO B BUCKO3HMeTpe OcTBaJby, 
c BHCHuMM ypoBHem pu 135° B TeTpasHHe MpH KOHUeHTpaluH onpeyemsemor 
pemectBa 0;1 r/100 ma: Tax Kak) ‘jpuseneupan pH) G —= 0; 1 1/100 Gia 
TO JIA pacueTa MOJeKyIApHOrO Beca Oba MpHMeHeHa dopmysa (°): 


[yn] = 2,4-104- MY”, 


rye [y] — xapaxTepuctuyeckan BasKocTb, M,».—cpefHeBecOBOH MOJIeKYyJIAp- 
Hb Bec. Mou. Bec Hatigen 26670. 


Tloctynuo 
8 XII 1960 
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Jloxkxagn Anragemun Hayrx CCCP 
1961. Tom 137, Ni 4 


®H3SHYIECKAA XHMH fi 
H. B. TPHPOPbEBA, B. A. MUEJIMH u axazemux TM. A. PEBHHJIEP 


O CTPYKTYPHO-MEXAHHYUECKHX CBOHCTBAX BEJIKOBbIX 
BOJIOKOH 


Kak Oplio moKa3aHo (',) cbH3HKO-XHMHYeCKaad MeXaHHKa yCTaHaBJIMBaeT 
CBA3b M€XAHHYeCKHX CBOHCTB HCCJIeyeMbIX CHCTeM C TOHKHMH XMMMYeCKHMH 
OcO6eHHOCTAMH CTpykTypbl. HacTostad pa6oTra mocBalleHa UCCIeLOBaHHIO 
CTPyKTYPHO-MexXaHHuecKHX CBOHCTB HHAMBHLyasIbHbIX OeIKOBbIX (2KeaTHHO- 
BbIX) BOJIOKOH H H3Me€HEHHIO 3THX CBOMCTB B Mpomecce LyOmeHua. Takue BOOKHA 
TIPe€ACTAaBIAIOT COOOH MOJeJIb CTPYKTYPHBIX 3JIEMCHTOB CJIOXKHOM GeKOBOM 
MMKporeTeposucnepcHoll _CHCTeMbI — KOxKeBOH TKaHH. M3yuenve JelicTBua Ly- 
OAMLMX peareHTOB HaMeXaHHYeCKHe CBOMCTBA TAKHX «MOJ@JIbHbIX»” OCJIKOBbIX 

 BOJIOKOH MOXKET JaTb OCHOBY WIA [aulbHeHWlero BbIACHeEHHA MeXaHH3Ma IIpo- 
wecca JyOsIeHHA, UMerollero OoIbUIOe NpakTHuecKoe 3HayeHHe. 

)KeuaTHHOBble BOJIOKHA ABJIAIOTCA OosIee YAOOHbIM OObEKTOM JIA HCCeOBa- 
HHA, YM HATHBHBbIe KOJIWareHOBble BOJIOKHa, TaK KaK OHM MMeIOT MIOCTOAHHOe 
mlonepeynoe ceyeHHe 0 BCel JJIHHe BOJIOKHAa H MOTYT ObITb H3POTOBJICHbI JIHOOOH 
TwMHbI. Mbt HCnOub30BaJIH BOJIOKHA, NosyseHHble 10 MetoguKe A. B. lOguna u 
M. II. Kotoza (3), 13 40% BogHoro pacTBOpa xKeaTHHbI BbICAIMBaHHeM IyTem 
TIpOaBIMBaHHA Yepes *UJIbepbl HU IPACHHA B HACHIIeCHHOM pacTBOpe Cysbipata 
aMMOHHA (pu BbITMKKe 700%). BpinpaneHHble «cypoBbie> BOJIOKHa B Bue 
TlacMbI, cocTosulelH “3 175 9eMeHTapHbIX BOJIOKOH (AMameTp KaxKyoro 20 yp), 
XpaHHJIMCcb B TOM xe pacTBope (NH,).SO, pH KOMHaTHOM. TemmepaType. 

Jly6nenve BOJOKOH mpoBoguuocb no A. B. lOquny o6pa6orKoli B pacTAHyTOM 
cocTosHuu mpH 20° B TeyeHHe 7 4¥ac. pacTBOPOM CyJIb(aTHO-rsOKO3HOFO Xpo- 
MOBOTO 3KCTPaKTa OCHOBHOCTHIO 35% c BBefeHvem 1,34 moma cbopMuaTa HaTpHA 
Ha | r-at. Cr npn pH =~ 4,9, c cogepxanvem Cr,O, 40r/n, np »x.. K.=5. 

Uccneqopanacb KHHeTHKa JesopMalluH (yAIMHeHHA) BONOKHA IIpH OHOOC- 
HOM paCTAKeHHH MO 3alaHHOH NocTOAHHOK Harpy3Kou (oT 50 I yo 5 xl) u kn- 
HeTHKa Cllajla WecsbopMalluH Tocsie CHATHA BCeH Harpy3kuH. 

YIMHeHHe H3MepsOCcb c TOUHOCTHIO ZO 0,01 mm. BonokHa UCIbITHIBaJIMCb 
Kak B BOS/lyUIHO-cyxoM (mocule CylIKH pH KOMHAaTHOH TemMmepatype), Tak Hu 
B IIpelesIbHO-OOBOJHEHHOM COCTOAHHHM (B HaCbIIeHHOM pacTBOpe CybiaTa am- 
MOHUA). IIpoBOoLMIHCh Kak BECbMa JJIMTeJIbHbIe, TAK H KPaTKOBPeMECHHHIE OIIBITHI. 
SileCb MBI IPHBOAMM pe3yJIbTAaThI HCCMEMOBAHHH C MpOLOJKUTeIbHOCTbIO Harpys- 
KH MW pasrpy3ku 60 mux. 

XapakTep JecbopMallHOHHBIX KpMBBIX (puc. 1) MoKa3blBaeT, UTO KaK CYPOBHIe, 
Tak H WyOeHbIe BOMOKHA MMEIOT MOUTH OMMHAKOBbIM mpese Tekyyectu P,~ 
~10xI'/mm?, uTo cooTsetctByeT Harpyske 0,5—1,0 kIT na o6pasen. Janee, ycnos- 
‘HO-MTHOBeHHBIe JecspOpMalH €,, aCJICAOBATeIbHO, HM COOTBETCTBYIONIMe MOLY 
E = P/e, (= 600 xI'/mm?) taxxe npakTuyecKH OJMHAKOBEI B CYXOM COCTOAHHH. 

PassMuua, OLHAKO, HU IPHTOM JOBOMbHO 3HAUHTeJIbHbIe Lake B BOS/LYIIHO- 
CyXOM COCTOAHHH, OOHApyKHBaIOTCA TO OOpaTHMOM TMoce pasrpy3Ku Joule We- 


Eo — & = e 
P. 100 (scencTBue MCTHHHOM yMpyrocTH HW BbICOKOM 9JIa- 
0 


copmauHu B = 
CTHUHOCTH) HIM elle HarsiawHee 0 Joe MpakTHYecKH yCJIOBHO-OcTaTOUHOH 
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& 
yepopmauun —--100=1C0—B 3a focTaTouHo AIMTeIbHOe BpeMA mMocue 
&0 
pasrpy3ku. 

Kak Mb WoKa3aJiM, 3HaYeHHA STHX XapaKTepHCTHK MpaKTHYeCCKM HE 3aBUCAT 
OT JWIMTeJIbHOCTH HarpyxKeHHA, OMpeseAACb, MO-BHAMMOMY, B OCHOBHOM yiKe 
JOBOJbHO ObICTPhIMH PeaKCallHOHHBIMM MpolleccaMH, UAYULMMM TIpH HarpyxKe- 


- 


y, 


S 


O Ss D 0D 5 
7: 
\ a 
= re) O oO OZ 
@ “VW o (SS nee prea / 
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0 10 20 30 40 50 60 10 20 30 40 SO mun 
T— 
Puce. 1. Kpuppie pa3BHTHA H Craqa ResbopMallwu mp Harpy3ke 4 
pasrpy3ke CyXHX KeaTHHOBBIX BOJIOKOH. UepHbie TOUKH — cypo- 


Bble BOJIOKHa, CBeTJIbI€ TOUKH — JyOuJleHble BOMOKHAa. @ — Harpy3ka 
0,5, 6 — 1,0, 6 — 1,25 xT 


Huu. [losToMy B JasIbHeHUIeM MbI OrPaHHUHJIMCb HCCJIELOBaHHeM Cilajla Feopma- 
IMM IPH pasrpy3Ke yCJIOBHO-MrHOBEHHOTO HarpyXKeHHA B TeYeHHe BpemeHy, O- 
CTaTOUHOTO JIA BU3yabHOrO OTCUeTa BOSHUKIMero yAIMHeEHHA (~1 cek.). 

CootTBeTcTByioluHe KpuBble (pc. 2) MoKasbiBaroT, UTO pH HarpysKe 1,25 KT 
yepes 2 yaca JOA OOpaTHMOH NO BeNMYNHE LecbOpMallHH B CYpOBOM BOJIOKHE CO- 
cTaBseT 8 = 94%, a Joma ocTaTOUHON Wedhopmanun 6%, B TyONeHOM 2Ke BOJIOK- 
He COOTBETCTBEHHO 98 u 2%. 

Bea ObiIcTpO crlajatoujad BLICOKOIJIacTHYeCKan JedopmMalnA 


Bie Oe 


E90 
re €, — Aecbopmalusa, octaroujasca yepes 30 MUH., y CyYPOBbIX BOJIOKOH CO- 
ctapiseT 90%, a 100—B=10%; y jy6neHEIX BOnOKOH B = 95%, 
100—B = 5%. 

Kunetuka craya ResbopMalnii, Kak WOKa3aIH Halli OMBITHI, LelicTBHTebHO 
WlaeT yROOHDIM M HarAQHbIM MeTOX OMeHKH CTPyYKTYPHO-MeXaHW4eCKHX CBOMCTB 
OeJIKOBLIX BOJIOKOH MH KOMKeBOM TKAaHH Hapayy c H3MepeHHAMM MIpesena mpoy- 
HOCTH H Npe/ebHOTO YJIMHeHHA IPM pacTAx%KeHHM C yyeTOM CKOpocTH Harpy- 
2KeCHHA. 

Mero, pasrpy304HbIX KPpHBbIX — ympyroro nocaeselicrsua II poga (mocue 
pasrpysku) OCOOeHHO HarMALHO XapakTepus3yeT Mmporecc AyOnenusa u scpcpeKTUB- 
HOCTh AyOUTeNeH Ip H8MepeHHAX B BOAHOU cpere. 

IIpu 9TOM Halo yuHinBaTb Cuefyiomlee: BCH LedopMaluaA B SenKOBOH mpo- 
CTpaHCTBeHHOM CTpykType cBepx HeOObIION OM UCTHHHO-ynpyroi (pasBuBato- 
IlCHCA CO CKOPOCTbIO 3ByKa B OOpasile, T. €. He GoIee YeEM 3a MUJVIMCeKYHIbI), 
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' 
“ABJIACTCA BbICOKOSTACTHYeCKOH MesopMallHei, «ObicTpan» JOA KOTOpOH ycrie- 
_ BaeT BIOJIHE PasBUTbCA 3a BPeEMA epBoro BU3YyabHOro oTcyeTa (1 ceK.). B aub- 
' HeHLWIemM pasBuBaeTca 
JIMIb HeOObWIaA 10 Be- 
JIMYHHE Mp CpaBHUTeJIb- 
‘HO MaJIbIX HallpsxKeHHAX, 
-Me/JICHHaA» BbICOKOIIaC- 
-TuyecKkKad edpopmallua. 
-Toubko Tipu 3HauHTemb- 
HBIX HallpwKeHHAX, TIpe- 
BOCXOJAMIMX pees Te- 
-KyyecTH (T. e€. HH3INi 
-tpeflea mpounocTu), Ha6- 
guoflaeTcs 3aMeTHOe pas-. 
“BHTHe M OCTaTOUHOH Jle- 
opMalluu B pe3syibTaTe 
“mlocTeneHHO  pa3BMBalo- 
/UIMXCA PaspbIBOBBCTpyK- gp 
Type, 4TO BeyeT K HerIpe- 
PbIBHOMY HapacTaHuio uc- 
THHHOTO HanpsKeHHA CO 3 
Q 


20 MUH. 30 Iyac. 2 


BpeMeHeM IIpeObilBaHHA 
‘To, Harpy3koi. 

Ilocue pasrpy3kH oc- 
TABLIMeCA HeMOBperxKeH- 
-HbIMH 3JICEMeCHTapHble BO- 
JIOKHa, CTPeMACb COKpa- 
TUTbCA, BbIZbIBAIOT I0CTe- 
NICHHBIM Clay, ecopMa- Phe. 2. Kpupple KHHeTHKH ciagla Me@opmMalHv CyXux  KeJla- 


WM. OTOT cay OyeT 3a- ;yHoBEix BONOKOH mMocse ycsJOBHO-MrHOBeHHOI Harpy3kH. 
MeJJICHHBIM TIpH HavOOb- A — AyGseHoe BooKHO, 5 — cypoBoe BOOKHO, a — Ha- 


‘1UMX BO3MOXKHBIX HanpsA- rpyska 0,5, 6 — 1,0, ¢— 1,25 xT 

pxcHA AX BOJIM3H Ppa3pbIB- 

“Horo, BCJIeACTBHe TOTO, YTO SHTPONMMUMHEIX YCHJIMI CO CTOPOHbI OCTaBINUXCcH 
B MaJIOM UMCJIe H€pa3sO0pBaHHbIX BOJIOKOHELL Oy eT HeOCTaTOYHO, YTOOKI BLIZBATb 
“BOCCTAHOBJICHHE HavaJIbHOH JWIMHbI OOpasila. 

IIpv MaJbix HanpAKeHUAX STOT Cra OyJeT TOKE MeAJICHHLIM, TAK KaK CONpo- 
THBJICHHA BHYTPeHHeroO TpeHHA B CHCTeMe TpakTHYeCKH HEMOBPe2XKMCHHBIX BO- 
JIOKOH OTHOCHTeEJIbHO BeCbMa BeJINKH. 

Han6ouee ObicTpbIM ABJIAeTCA Cra WecsbopMallHu Mocye FevicTBUA HaMps%Ke- 
HMM, JOCTATOUHO BLICOKUX, CpeAHUX NO BeJIMYMHE MO OTHOMIEHHMIO K pa3pbIBHOMY: 
Ha puc. 2 XOPOMIO BHJIHO, YTO AyOeHOe BOJIOKHO OOHAPy2KUBaeT CHMKeHUe 

“yCJIOBHO OCTaTOUHOH AesopMaluHn B 2 pasa MO CpaBHeHHIO C CyYPOBbIM BOJIOKHOM 
| Kak 3a 30 munH., Tak wu 3a 2 uaca pu HanOoNbuIeH Harpy3ske, a pu Harpy3kax 
MeHBINMX HUZMero Mpeseia NpOUHOCTH, T. €. Ipemena TeKyyecTH, JaeT OOpaTHbtit 
addpekT MO CpaBHeHHIO C CYPOBbIM BOJIOKHOM, @ HMCHHO: 
Harpy3ka B KI (eer als 0) ales 
100— 8 gana pyOnenpIx BonoKoH O 5 6 
100 — B aaa CypoOBLIX BOJOKOH Sh NOt 2 

JlyOenue, cBofisieecd, KaK M3BeCTHO, K OJIOKHPOBKe MOJIAPHBIX Ppyunw 
B OeJIKOBOM MOJIeKysIe Ha JOCTYMHOM BHYTpeHHeH MOBePpXHOCTH MePpBHYHbIX BO- 
HOKOH, MOXKET BLISBATh HEKOTOPOe MOHMKEHHE IIPOUHOCTH B CYXOM (BBICYINeHHOM) 

OJIOKHe H, COOTBETCTBEHHO, KOXeBOM TKAaHH (°). 
Tipu npefesbHOM %Ke yBaxKHeEHUN CTPYKTYpbI spekT WyOeHHA NpOABMAeT- 
Ca OcOGeHHO APKO M0 CHMKeHMIO NOCHE pasrpysKu (pu P = 0,75 KI) B 2 pasa 
_ paktuuecku OCTaTOUHON jecdopMalluN, KOTOpPaA COCTaBAeT JIA peesbHO 
YBIax%KHCHHBIX yOuleHbIxX BomoKoH 100 — Bp = ie a J\JIX CYPOBbIX BOJIOKOH 
(33% (puc. 3). 
YCJIOBHO-paBHOBeCHbI BbICOKO9IACTHYeCKHH MOLYJIb MO pasrpyske 3a 
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0 10 T—> 20 MUH. 3O Tae Z 


30 MHH. AIA MpeebHO yBJaxKHeHHIX WyOneHbIxX BOOKOH E, =100 kI/mm?, 

JIA CYPOBbIX BONOKOH E,=42xKI/Mm?. 
IIpene mpounoctu (pu ckopocTnw Harpyxenua 600 [/mun) tua cypoBprx 
BOJIOKOH TlafaeT TIpH mpelesbHOM 


MM yBulakHeHun c 25 20'10 KI/mM? (Ha 
ahs 24 60%), a qua Ry6neHpIx—c 21 Tonb- 
17 KO 20 15 KI/mM? (Ha 28%). 

11 JjonycTumoe MoBbllleHHe yTemme- 
10 paTypbt 0 45° HecKOIbKO yBeaHuH- 
9 BaeT MoOcJIe pa3srpy3KH lou O6pa- 
3 THMOH JecsopMallwH BCIeACTBHe yc- 
ie Rages KOpeHHs Cllala BbICOKOSIacTHYeCKOH 

»shs O00 9 0 0 ff” ; 

5 
y) Puc. 3. Kpuppie KHHeTHKH cnaga qedop a- 
3 : UHH ReJLaATHHOBLIX BOJIOKOH B HaCbINLeHHOM 

V3 pactTBope cyJbctbata AMMOHHA TMO0CJIe yCJIOBHO- 

2 £ 6 MIrHOBeHHOH Harpy3kH. UepHpie TOo“uKH — 

/ 5 Hy6uJleHple BOJIOKHAa, CBeTJIble TOUKH — cypo- 
a BbI€ BOJIOKHAa. @ — Harpy3Ka 0,25, 6 — 0,5, 
0 10 20 30 40 SHE a iff) 20 mun 30 6 — 0,75 «I 


nedopmauu (puc. 4). [Ipu Takom HarpeBaHHH JOJIA MpakTHyecKH OCTAaTOUHOL 
ledopmaluuwn elle Oojee CHMKaeTCH, COCTABIAA WIA | yOeHbIX BONOKOH 
100—8 = 4%, a QA cypoBbix BonoKoH 380%. STO BBIABAAeT elle pesue 
ahdbekT TyOJeHHA MO MOBbIeCHHOH BbICOKOSIACTHYHOCTH. 


MM 
22 
20 
18 


3 

2 

1 20 45 

0 3 10 1§ 20 va _ 30 ) 10 15 20 Mu 80 


Puc. 4, BuManne NOBbIMeHHOH TeMnepaTypbI Ha KHHeTHKY “cnala fed opmainu 
*KCJlATHHOBBIX BOJIOKOH B HACBII€HHOM pacTBOpe cysbpata ammonia. Cpersbie 


TOUKH — CypOBOe BOJIOKHO, YepHbIe TOUKH — Wy6eHoe BOMOKHO 

J ry ey wo 

Hayuno-ucceqosarebcKnit MHCTHTYT MeXOBOH MPOMBILIWIeHHOCTH Ilocrynuso 
Mockoscekuii rocyfapcrBeHHbili yHuBepcuter PNT HTS 


um. M. B. Jlomonocopa 


: UHMTHMPOBAHHAA JIMTEPATYPA 
I]. A. Pe6uugep, Becru. AH CCCP, \ 10 (1957). 211 A. Pe6Ouugep, Oun- 
SHKO-XHMHuecKad MexaHuka, M., 1958. JI. B. Apanospa-U YMakKOBa, YcnexH 
XHMHH HM TeXHOJOrHH NomMMepos, B. 2, M., 1957. 3 A. B. IOnu jG, FS 1G aK OTOB Tp. 
oe TEXHOJOPHY. HWHCT. Jlerkoi mpombluienHoctu, Kues, 7, 1955; 10, 1958. 
side. Kyat alors MceneqoBanne (pH3HKO-MeXaHHyecKHX cBOlicTR KoxKH, M., 1956. 
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Woknaagn Akagqemuun nayxr CCCP 
1961. Tom 137, Nb 4 


PHSHYECKAA XHMH A 


E. C. HOKYKHHA, uten-Koppecnonyent AH CCCP C. 3. POTHHCKHH, M. M. CAXAPOB, 
akayemuk A. B. TOMUHEB, M. A. TEMAEPHX, Bb. 9. JABbIAOB u B. A. KPEHILLEJIb 


KATAJIN3 HA OPPAHWYUECKHX MOJTYMPOBOQHHKAX, 
NOJIYYEHHDIX H3 MOJIMAKPHJIOHHTPHJIA NYTEM EFO 
TEPMHYECKOU OBPABOTKH 


Jo HeflaBHero BpeMeHH B Kay¥eCTBE TBEPAbIX KaTaIH3aTOPOB, B MPOMbIIIWIeH- 
‘HOCTH HM, Jla6opaTOpHOH MpakTHKe MpPHMeHAJIMCb TOJbKO HeOpraHHyecKHe 
BellecTBa. B MIpOTHBOMOJIOXKHOCTH ITOMY (PepMeHTATHBHHIM KaTaIH3C ero O4eHb 
BbICOKHMH CKOPOCTAMM HM CeJIEKTHBHOCTbIO MpoweccoB OCHOBaH Ha opraHHye- 
CKUX MMUKpOreTeporeHHbIxX KaTaIMsaTopax. B noceqHve rojsbl OOHapy2xKeHbI 
BbIalOWWeCA KaTaJIMTHYeCKHe CBOHCTBa y OpraHHyeCKHX HMOHOOOMCHHBIX CMOWI 
MO OTHOIeCHHIO K PAY peaKUMH KHCJIOTHO-OCHOBHOTO THT. 

CpaBHUTeJIbHO JaBHO HayaTbI MOHCKM OpraHHyecKHX TBEPAbIX KaTaJsIM3aTOPOB 
Jin peakuHi o.-B. Tuma. Kak M3BeCTHO, XOpOouIMe KaTasM3aTOpbI peak 
9TorO THMNa — MeTaJJJIbl UW HeOpraHHyeckHe nOynpoBoszuuKH (+). [flosromy 
MOXKHO ObIJIO OMKMAaTb IPOABJIECHHA 3aMeETHOH KaTaJIMTHMUeCKOM AKTHBHOCTH 
lO OTHOWeHHIO K peakKUMAM OKHCJINTeJIbHO-BOCCTAHOBHTeIbHOPO THIIa TakKKe H 
OpraHHuecKuMH NOJyNpoBosHuKaMH. OmHako B HEMHOTMX M3BECTHBIX HCCJIeOBa- 
Husax (7-4) KaTamH3a O.-B. peak B KHAKOM (pase B MPHCYTCTBUM TAKHX TBEPAbIX 
OpraHH4ecKHX BeIeCTB C NOJIYNPOBOAHHKOBLIMH CBOMCTBaMH, Kak (pTasOWMaHuH 
MW erO KOMIVJI€KCbI C HEKOTOPbIMH MeTAJIIAMH HaOJOaHCb JIMINb CpaBHUTeJIbHO 
cnaObie KaTamuTHueckHe s*pdekTbl. OTHOCHTebHO KaTaJHTHYeCKOM AKTHBHOCTH 
OpraHHyecKHX MOJIYNPOBOAHHKOB MO OTHOMeHHIO K Tlapo- H ra30da3HbIM O.-B. 
peaklwaM M3BeCTHa JIMIb padota Tamapy u Ulumaga (°), ycranoBuBmMx 
“OTCYTCTBHe KaTaJIMTHUeCKOH . AKTHBHOCTH Yy BHOJIAHTPOHA MO OTHOIIeHHIO K 
/peakuusam H,— J,-oOmena wu OOpa30Banua HJ u3 H, u Dy. 

IlpuHanHy OTCYTCTBHA CHJIbHbIX SdppeKTOB B WCCJIeAOBAHHBIX CJIy4aAXx, BO3- 
MOXKHO, CJlelyeT UCKaTb B OYEHb MAJIOH QJIEKTPOMpPOBOAHOCTH HW OOJIbINON LWIN- 
PHHe 3alpellleHHOH 30HbI Y MPHMeHABIUIMXCA OpraHuyecKkux BelecTB (°). B mo- 
CleHee BPeMA NONYYCHHI HOBIE MOJHMEPHbIe Opranuyeckue MaTepuadbl C TOvy- 
MPOBOXHUKOBLIMH CBOHCTRAMM, KOTOpbIe, Oslaroflaps HamMyMIO B MX CTpyKType 
MHOPOATOMHBIX Wenouek C CNOKaMSOBaHHEIMY SJIeKTPOHAaMy, oOslaaroT MaJIou 
“IUMpHHOK 3anmpenleHHOH 30HbI H 3HAYHTeJIbHOH 9JIEKTPOMPOBOAHOCTbIO MpH 
‘KOMHATHOM Temnepatype (7~°, 1). Kak yxxe oTMeyaocb B muTepatype (7°, "), 
COrsiacHO COBPeMeHHBIM B3rJid {aM Ha M€XaHH3M KaTaJH3a, ECTECTBEHHO OXKU]LAaTb 
‘y TaKMX MOJYNPOBOAHUKOBbIX OpraHW4yeCKHX MAaTepHaJIOB BLICOKOH KaTaJiMTH- 
-4eCKOM AKTHBHOCTH 10 OTHOLICHHIO K peaKIMAM OKHCJIMTeJIbHO-BOCCTaHOBHTEJIb- 
Horo Tuma. IloyTBep»xxyeHHeM STOM TOUKH 3PpeCHHA MOKA MOFyT CJIY2KUTb TOJbKO 
JaHHble O KaTaJIMTHYeCKOM AKTHBHOCTH TepMHueCKH OOpadoTaHHOrO MOMaKpH- 
JIOHUTPHa HU MOMMAaMMHOXHHOHA IO OTHOMICHHIO K peaKUMH pasJiOxKeHHA Tepe- 
KHCH BOfOposa, nomyyenupie A. B. Tomunespm, M. A. Tetigepux u ap. (“) u 
A. A. Bepaunpm, JI. A. Baromendbenpbgom u H. H. Cemenospi (11). Kayectsen- 
HbIM XapakTep 9THX JlaHHbIX, a TaK?Ke BEICOKaA YYBCTBUTeCIbHOCTh TepeKHCH 
BOMOpOfla K KaTaJIMTHYeCKOMY BO3eHCTBHIO CAMBIX Pa3JIMUHBIX TBEPAbIX Tel 
He MO3BOMAIOT OJHOSHAYHO CBA3ATH HalJeCHHyIO KaTaJIMTHYeCKYIO AKTHBHOCTb 
C€ BbILaOWUMUCA 3JIeKTPOHHbIMH CBOHCTBAMH YKa3aHHbIX MOJIMMEPHbIX OpraHu- 
yeCKUMX BelllecTB. B cBxA3H C 3THM MPeACTAaBJIAJOCb CYILCCTBEHHBIM HCCJIEJOBAaTb 
_KaTaJIMTH4eCKY!O AKTHBHOCTh MOJIMMEpHbIX MOJIYMPpOBOAHHKOB C CHCTeMOHM CO- 
“TIPS2KeHHBIX CBAZEH MO OTHOMICHMIO K pA Napo- HW rasopasHbixX peaKIM O.-B. 
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runa. B KauecTBe OObeKTAa HACTOAMLETO HCCIICAOBAHUA ObIIM B3ATHI NOJYyMpOBoy- 
HUKOBHIC MATePHaJbI, IPHTOTOBJIeHHBIe U3 NOMAakKpUOHUTpHa. JLaHHBIe 0 Croco- 
6axX MpHrOTOBJIeHHA MOJyMpOBOLHH- 
KOB Takoro THMaH UX dIeKTpHyec- 
KMX CBOMCTB cOdepKaTcsA B paboTax 


a oe 


Ta6auna 1 


PesyJIbTaTbI OMBITOB MO pa3sOxXeHHIO 
MypaBbuHol KucmoTp Hag TIAH-1 nu TIAH-2 


3 SoG Hamu popefeHo HCIIbITaHHe Ka- 

S38 = aoe TaJIHTHYCCKOH AKTHBHOCTH JBYX pa3- 

: is ase : 25o JIMUHbIX OOpa3siloB TepMHyecKH 06- 

a a ie ce Sate pa6oTaHHoro § MOJIMaKPHJIOHUTpHia. 

e a. CES oe caus Hepspii o6pasen (IIAH-1) npexcras- 

< z aes C= | SF*® aan co6o nommakpHOHUTpHA, B 

KOTOpbIH Mepe TepMHueCcKOH OOpa- 

es 6OTKOH Gpiwio BBezeHO 0,01 % CuCle. 

oar! 242 153 2 St 9 Oee2 Y lesIbHand MOBEPXHOCTh 9TOFO OOpa3- 

3—2 | 255 265 | la, H3MepenHan OObeMHbIM MeTOOM 

Tie Nae ae mO KpHNTOHY, cocTaBrsauaa 0,06 m?/r. 

TIAH - 2 pyro o6pasen(ITAH-2) ne cogep- 

6—41 | 260 66 3.9 0,3 Kall MeWM, a yeJIbHad NOBepXHOCTb 
6—2 | 287 939 ero Opigia paBHa 0,4 m?/r. 

6—3 | 299 402 Vcnpitanve KaTauIHTHYecKOH aK- 

6—4 | 261 86 THBHOCTH YyKa3aHHbIX OOpa3siloB MO 

7—1 264 114 3,6 0,3 OTHOMI€HHIO K Ppa3JIOXKeCHHIO CIIMPTOB, 

rte ay 2h MYPaBbHHOM KHCOTHI M TupasHH- 

; THApaTa MpOBOLMIOCh B yCTaHOBKe, B 

8—1 |} 290 336 0,3 CYUI€CTBEHHBIX uepTax CXOMHOH Cc 


ycTanoskol Ipa6a u Teoduuye- 
ca (7°), OnpiTb! 10 PH {pHpOBaHHIO STHJIeHA NpOBOLNTUCh B WHpPKy/IAWMOHHOM 
yCTaHOBKe IIpH JaBJICeHHM HECKOJIbKO MeHbine aTmocdepHoro. IIAH-1 u IIAH-2 
nepe, HCMbITaHveM KaTaJIMTHYeCKOH aKTHBHOCTH nofpepramucb 1— 3-yacoBoit 


TpeHHpOBKe lip Temnepatypax Jo 400°. SyauutembHad KaTaMTHUeCKaa aK- 
TuBHocTb y IIAH-1 nu TIAH-2 6ninma o6na- 


py2KeHa JIMUIb NO OTHOMWeHHIO K peak- 
WWW pa3JlOKeHHA MYyPpaBbHHOW KUCJIO- Cxopocru pasoxeHNA MypaBbUHOli KUCMOTHI 


Ta6nunma 2 


TH: CooTBeTcTB y1ollHe 7aHHbIe TpH- Hay IIAH-1 u TTAH-2, ornecenupie 

BeJIeHbI B TaOJ. ie K e€HHHUWe MOBEPXHOCTH KaTaJH3aTOpa 
Ha NAH-1 3ametuaa cKopoctTp pa3- 

JIOKCHUA MYPaBbHHOM KUCIOTHI HaGsIO- ae ait 

faetca yxe mpu 240°. ITAH-2 orauuaer- Cioeccm one? legopoceereces 

CA HECKOJIbKO M€HbIeH KATaIMTHYeCKOH = T-pa, | 70KCHMA RHC) T-pa, | TOC 

aKTHBHOCTHIO. I Ipu 61M3KUX 10 BeIMUHHe C°|umoup/cex-m?- | °C | momp/ceK-m?- 

3HayeHHAX OOnleH MoBepxHocTH IJAH-1 Be zs 

Ww IIAH-2 8B napanaenbHEIX OMbITax (co- 

oTBetcTBeHHo 0,186 u 0,135m?) Katanu- pe wa ie ee 

THyecKad akTuBHOcTS [IAH-2 nocturaet 279 1'9 99 9 i 


Tex ke BeMuHH, uTO MH y IIAH-1, npu 
Temiepatypax Ha 20—25° 6omee BhICOKUX. YKa3aHHOe COOTHOMeHHE AKTHBHO- 
creli IIAH-1 u TIAH-2 8 unteppane Temnepatyp 242—299° nocraTouHo xopomlo 
TlepeaioT BeEIMYMHbI CKOPOCTeH pasOXKeHUA MYPpaBbHHOH KHCJIOTHI, OTHECEHHbIC 
K CMHHIe NOBEpXHOCTH KaTasIM3aTopa, MpuBefeHHble B TaOu. 2. 

CyniecTBeHHo, uro uv Ha TIAH-1 u nalIAH-2, tax xe Kak M Ha MHOFHX HeOp- 
PaHMYeCKHX MOJYMPOBOAHHKaX OCHOBHBIM HalipaBJIeHHeM Pa3sJIOMKeHUA ABJIACTCH 
JervAporenusalna MypaBbuHon KucmoTH. M3yuenupie o6pasubi IIAH B Hauaub- 
HbI MepHOk ux paOoTbl OT ONbITa K ONbITY NOBbIMAIM CBOIO KaTaNMTHYeCKy!0 
akTHBHOcTb. Jina TIAH-2 crammonapHoe cocTOAHve MOBePXHOCTH ObINO WOcTUr- 
HYTO JIMUIb MOCIe MpOBeJeHHA YeTHIPEX OMITOB. 

Tak Kak W3MeHeHMe CKOPOCTH pasOAKeHUA MypaBbHHOl KHCAOTHI C pocTOM 

* B padote npumensnca 85% Bogupiii pacrBop MypaBbHHOl KUCJOTEI (4. J. a.). 
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jemmepaty ppl OnpeeANOCb HAMM B OMHOM HEIMpepbIBHOM OMIbITe IIpH cTymeHua- 
TOM MOBBIIMEHHU TeMIlepaTypbl, MOCTOAHHOM CKOPOCTH NOay KMCJOTHI B peakTOp 
WM CpaBHUTeJIbHO HeOOJIbUIMX riyOuHax MpeBpamienua (oT | yo 10%), TO sHeprua 
AKTUBALMM U3SyYeHHOH peaKIMM MOET ObITb OMpeseeHa H3 3aBMCMMOCTH vora- 
puma CKOPOCTH pa3JIOKeHUA KHMCJIOTHI OT OOpaT- 

HOH a6c. Temmepatyppl. Ha puc. 1 npeycTaBsenbt 
COOTBETCTBYIOINHe rpaduku, MOCTpOeHHbIe MO a 
qaHHbim onpitros 3, 6 u 7. Paccuutanupie m0 = 
STHM rpapuKaM SHeEprHH aKTHBALHH COcCTaB- 17 
amuot gaa TIAH-1 nu TAH-2 coorsercrBenno 

21 u 25 kkan. CaefqyeT OTMeTHTb, UTO HaOsI0- 
Jlaemoe NOBLIeHHe akTuBHOcTH IIAH-1| u TTAH-2 

‘OT OMbITa K OMbITY MaJIO CKa3bIBaeTCA Ha SHep- 12 
TMM akTuBaluu. Tak, B ompitax 6 u 7c IIAH-2 473 177 181 qog/T~189 1498 
SHePrMA aKTHBAUMM Mpowecca MpaKTHYeCKH OC- pyc 1, Z3apncumocts Ccpoere 
Tapasacb 6e3 H3MeHeHHA. pasJIORKeHHH MypaBbHHOH KHCJO- 
b V3 mouyueHHbIX pe3yJbTAaTOB cylesyeT, YTOB Th Hag TJAH-1 u MAH-2 
M3y4eHHOM UHTepBale Temmepatyp IHIAH-1 un °% ae a patient 3, 
IJAH-2 mpospaaiotT KaTamMTMuecKyIO aKTHB- “% 4 ino eon 
HOCTb NO NOPALKY BeJIM4MHbI, HE yCTYyMalouly1o 

KaTaIuTHYeCKOM AKTHBHOCTH pxAa MeTaJIIMYeCKUX HM HeOPraHuyecKHX MOy- 
TIPOBOJHHKOBBIX KATaIH3aTOPOB STOH peakuuH (**). 

SHAaYHTeJIbHbIM KaTaIHTHYeCKHH sdpdekT, Hadsmoqaemplt B cayuae TIAH-2. 
MOSBOIAeT CeaTb BbIBOL, 4TO u B Culyuae IIAH-1 npucytctTBue B KeM MeyH He 
MMeCT pelllarollero 3HAYeCHHA B MpOABJICHHH KaTaJIMTHYeCKOH AKTHBHOCTH 39THM 
\o6pasiiom JIAH *. ITAH-1 u NWAH-2 oxaspipatoT Take KaTasHTHYeCKOe JelicTBue 
Ha peaKIlMio pa3JIOKeHHA THA pasHH-rvApata B HalpaBJIeHHu OOpasoBaHHA am- 
MMaka MW a30Ta. OfHaKO 3aMeTHOe KaTAJIHTHYeECKOe PasJIOKeHHe FHpasHH-rus- 
paTa WMeeT MeCTO TIpH CpaBHHTeJIbHO BbICOKHX TeMMepaTypax (250°), mpH 
KOTOPBIX CYIIe€CTBEHHYIO POJIb HIpaeT peaKUMA Ha CTeKJIAHHOM MOBepXHOCTH 
peakTopa HM roMoreHHoe pa3slOxKeHHe. 

SHauHTeIbHadA KaTaIHTHuecKad AKTHBHOCTbh H3yYeHHbIX OOpa3ioB TIAH 
MO OTHOIMMeHMIO K PpeaKIIHH pa3IOKeHHA MYPaBbHHOM KUCJIOTEI, MO-BHAMMOMy, 
icBA3aHa C XMMMYeCKHM CTpoeHHem NoONHMepa. EcTb OcHOBaHUA pesnosaraty, 
YTO ATOMBI a30TA B eM CONPAKeHHbIX ABOMHbIX CBA3eH MONMMepa MOryT ObITb 
HeHTpamMu afcop6uuu mowekys KucNOTHI. MoxHo TakxKe CYuHTAaTb, YTO IlyTeM 
HalpaBJeHHOrO H3M€HCHUA XMMMYECKHX HM SIJIEKTPOPH3H4eCKHX CBOHCTB MOJH- 
MepOB C CHCTeMOM COMPAXKeHHbIX JBOHHbIX CBA3eH MOLyT ObITb MOJIYYeHEI BBI- 
COKOCeJIEKTUBHbIe OPraHHyecKHe KaTaJM3aTOpbl O.-B. peakHit. 


Vuctutyt (busnueckow XHMHH Tocerym1io 
AkanemuH Hayk CCCP 24 XII 1960 
Vucrutyt Hedrexumuyeckoro CHHTe3a 

Axkajemuu uayK CCCP 
: IMTHPOBAHHAS JIMTEPATYPA 
- ) Ce SePom nn ¢ K un, IIpo6mempt KHHeTHKH Hu KaTamusa, 6, 9 (1949). 
BMeEGallingit eh G Cockbain, M.Polanyiy, Trans.. Parad. Soc., 32, 1436; 
1443 (1936); ibid., 34, [191 (1938). *% A. H. Cook, J. Chem. Soc., 1938, 1761, 1768, 
Beer etiock, “H.Kropt, J: .prakt.’Chem: 9, 173 (1959)... °.K. Tamaru, 
Mes Games, Bull. Chem. Soc. Japan, $1, 141 (1958). % A. T. Baptranan, 
m= A, Kapmosnwu, SK@OX, 32, 178, 274, 543 (1958); D..D. Eley, Res. appl. Ind., 
f/m, 290°(1959). 7 A: B. Tonunes, M.A: Teigepux. uw mp: JAH, 128, 312 
(1959), & A. A. Bepauu, Xum. uw Texnon. momumepos, Ne 7—8, 139 (1960). 
*H. H. Cemeuos, Xum. wu TexHos. nomamepos, Ne 7—8, 196 (1960). 14°C. 3. Po- 
BMYHCKHH, Xu. wayKa u mpom., Ne 2, 138 (1957), UA. A. Bepaun, J. A. Ba w- 
bie pew bd, Liat Glew eHlO BR aeick ss Abi CCCP Ss OX, F 1959, aN OP 1689! 
#/M. A. Teutaepux, 5B. 9. Lapegzos wn gpp., MexpyHapogH. cumMno3svymM m0 Mak- 


Domonex. xumuu 14—18 viona 1960 r. COopH. goKa. u ped., Cexuna 3, 1960, crp. 85. 
‘BUMMEoEcnva DaeN. 1 heopiilades,. J. phys. Chem., 50, 427 (1946). 
'?G. Rienacker, N. Hansen, Zs. anorg. u. allgem. Chem.., 285, 283 (1956); 
3. M. Schwa b, G. Greger et al., Zs. phys. Chem., 15, 363 (1959). 


* PesyIbTaTbl HACTOAIMeH PaOOTh! ObIIM NOOK WI.-KOPP. AH CCCP C.3. Poruuckum 
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Jloxnagn AkageMuu HayK CCCP 
1961. Tom 137, N 4 


PH3HTECKAA XHMH A 
Axagemux A. H. ®PYMKHH, O. A. METPHH un H. B. HAKOJIAEBA-®EOPOBHY 


OB AJCOPBL.MH HOHOB BOJOPONA HA OTPHILATEJIBHO — 
3APS)KEHHOM TPAHHLLE PTYTb — JJIEKTPOJINT 


VspecTHo, 4TO B pale Culy4aeB HaGMOMaeTcA ONpeleeHHaA MOCeOBAaTeIb- 
HOCTb B H3Me€HCHHHM CBOHCTB BOJHbIX PaCTBOPOB, COsepKallHX OMHOZapATHbIe 
KaTHOHEI mo pany H*— Li*— Na*— K* — Rb*—Cs*, mpnuem nospemenue 
KaTHOHOB JIMNTHA HM BOMOPOMa OKasblBaeTCA ONH3KNM. Tako BbIBOJ HeTOcpecT- 
BeCHHO CylelyeT, HAaNpUMep, H3 CONOCTABJIEHHA 3aBHCHMOCTH KOS*PHUMeHTOB aK- 
THBHOCTH OT KOHILCHTPalMH B BOJHbIX PaCTBOPaX KHCJOT HM COeH WeOUHBIX 
metamoB (*). B 3TomM cMbIcie OblIO HHTepeCHbIM COMOCTaBUTb BJIMAHHE HOHOB 
BOMOPOa H IeNOUHbIX MeTAIJIOB Ha WuddepenitwalbHy!o eMKOCTb C fBOHHOTO 
COA WM Ha KHHETHKY SJIEKTPOLHEIX IMpOWeccos. 

Kak cuielyeT 43 u3MepeHHit Dpoma (?), B Clyuae PTYTHOFO KaNeJIbHOTO 9JICKT- 
pola sHayenua CB O,1 N pactsopax HCl u LiCl npu noresunanax, Oonee n0- 
JIOKUTeEIBHBIX, ¥eM —O,7 B (H. K. 9.), MpakTMYeCKH COBMaaloT, a MpH Oouee 
OTPHIaTeIbHbIX ToTeHWMalax C B HCl wa 1—2% uwxe, uem B O,1 N LiCl. 
OyHako H38MepeHHA Obl MpoBezenbI [psMom JIMUIb WO NepeHanps2KeHUA BOJO- 
pola n~0,66 B. Hamu Obl u3MepeHbI BeHUMHEI C Ha KallesIbHOM PTYTHOM 
geKkTpoe B 0,1 N pactBopax HCl u LiCl mpm yactote 1000rm u 25° c nomomtbIo 
umreyancuoro mocta. U3mepenua B pacTBopax HC] 6p WoBemeub! 20 n~1,15 B. 
[lorenuvasibl @ LaHbl B BOJbTAaXx 0 H. K. 9. (puc. la). Bpema Oananca mocTa ompe- 
WeAsOcb c TOUHOCTHIO Jo 0,01—0,02 cex. B otanune or pa6otn [pama, B KOTO- 
POH BTOPbIM JJIEKTPOJOM B AYeHKe CJy2KUAa WwaTHHOBasA cibepa, CHMMeTPHUHO 
OKpyXKaBllaA UCCJIeELYeMbIN SJICEKTPO, B Hallie paOoTe NpHMeHAJICA PTYTHbIK 
aHO, B POpMe YaleUKH, Haj, WEHTPOM KOTOPOH MOMellasicA KaneJIbHbIM PTYTHbIM 
anekTpog. [Ipumenenue pTyTHOTO aHOa ObIIO BLISBaHO HEOOXOAMMOCTHIO H36e- 
2KaTb BOSMOMKHOTO 3arpASHEHHA PAaCTBOPAa CJleaMU MAaTHHbI, pesKO CHM KAIOIIH- 
MM TlepeHanpAKeHne BbILeeHuA BOWOpofa. Tak KaK B HalllMX OMbITaX H3MepH- 
TeJIbHOE IIe€4YO MOCTa COCTOAJO H3 NOCeELOBATeIbHO COC#AHHEHHBIX Mara3HHOB eM- 
KOCTH HM CONPOTHBJICHHA, a IPH MpOTeKaHHH Ha JJIeKTpose HeOOpaTuMoro Mmpo- 
mecca HMMefaHc erO CTAHOBHTCA SKBUBAJICHTHbIM KOHJeHCaTOpy C yTe4KOH, TO 
JIA IpaBHJIbHOrO pasjeseHHA OMHYECKOM WM EMKOCTHOH COCTAaBJIAIOWIUX OOmLero 
MMMeaHca pH MOTeHWMalax OTpuiaTesbHee — 1,3 B pactBopax HC] Heo6xo- 
AMMO ObLIO Mle€PpeCUMTLIBATh SKCHEPHMEHTAJIbHDIe PC3YJbTATHI Ha ZJIEKTPHYeCK IO 
cxeMy, H300paxeuuHyio Ha prc. 16. 

TlonyueHuble pe3yJIbTaTbI comocTaBeHbI Ha puc. la c anHpmu Tpoma. 
Kak BYUHO M3 pucyHKa, BeauunHb C B 0,1 N HCl npu orpuuatenpubix 3apaax 
NOBEPXHOCTH H€CKOJIbKO HWKe, yem 3HaueHHA C BO,1 N LiCl*.Orcioga u us (?) 
H (°) cleflyeT, YTO EMKOCTb ABOMHOTO CNOA IPH OTPHUATebHLIX 3apAaX NMOBepXx- 
HOCTH yBelMuMBaeTCa B pany H*<Li* << Na* < K* << Rb* <Cs*. Ymenputenue 


* Pasnnta mexgy C B KHCJIOTe H COM yMeHbIUaeTca c pOCTOM OTPHIlaTeJIbHOrO 3Haye- 
HHA @. QTO ABJIEHHE MOMKHO OODACHHTh, CCAM NpeANONORUTS, uTO KaTHOH HgO+ Gomee ruspa- 
THpOBaHHbIM, ueM Lit, cuIbHee LecpopMUpyercs npn OTPUILAaTeIbHBIX @. Heo6xoxumo, OfHakO, 
YUHTEIBAT, YTO TOUHOCTh H3MepeHHH B pacTBopax HCI npu norenmualax BEIZeeHHA BOMOPOsa 
eR CHM2KACTCA, BbISCHeHHe ykKasaHHoro a*pdekta TpeOyer MOMOJIHHTebHOFO HCCJIeqOBa- 
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€MKOCTH ABOMHOFO co” mpH samene Li* Ha H* Haxogutca B cormacuu Cc pe- 
SyJIbTaTaMH H3MepeHHH CKaYKOB NOTeHWMaa Ha CBOOOMHOM MOBepXHOCTH pacT- 
BOPOB Mb (*). 

_ Ilo Teopuu Bogopogznoro nepenanpaxenua XopuyTu (°), cKopocTb mpomecca 
BbIJeeHHA BOOpOfa Ha PTYTHOMpeseAeTCA HeOOpaTUMbIM pa3spAJOM HOHOB 
MOJI€KYJIApHOrO Bogopofa H>, afcopOupoBaHHbIx Ha NOBEpXHOCTH 9/IeKTposa 
HM HaXOJAUIMXCA B PaBHOBeCcHH Cc HOHaMH H”* B pactBope. A. H. ®pymKuHpm (°) 
OblO yKa3aHO, YTO AudpepeHUNabHaA EMKOCTb FeJIbMIOJIbICBCKOTO CIO C HOH- 
HOli OOKaqKON, O6pasoBaHHoii HoHamu H>, JomKHa B Ba pa3a IIpeBbilllaTb Be- 
‘mMuvHy C B HelTpaIbHEIX pacTBopax. Matyya (*), paccmoTpesmui BaMaHHe 
MOCTeneHHOrO fepexofa MpHTAHYTHIX nMoBepxHocThio HoHOB H+ B uonnt Ho 
Ip BOSpacTaHuH 1, KOTOPOe JOJMKHO IIPOHCXOAMTb 10 TeOopHu XopuyTH, npuwen 
‘K BBIBOJY, COrmacHoO KoTOpomy Ha C—o KPpHBOH B pacTBOpax KHCJIOT IpH mo- 
TeHIMaslax OTPHIaTebHee JJICKTPOKANMIAPHOTO HYyJA WOMKeH HaGsMOLaTECA 


y 


MF /cr é 
40 6 


3S 


204 


i eee 
02 06 10 14 B(nK.3) 16 
Vd eae 
Puc. 1. a—xKpuBpre AuddepenHuvanbHow emxkoctu B 0,1 N HCI (1) u LiCl 
(2), Ja u 2a — pauubie Tpama gana 0,4 N HCl u LiCl coorsetcrpeHHo; 6 — 
SKBUBAJICHTHAaA IJIEKTPH4YeCKaA CX€Ma AUeHKH C 9CKTPOOM, Ha KOTOPOM IIpo- 
TeKkaeT HeoOpaTHMaA peakiHa: C—emKocTb ABOHHOrO cwIOH, Ry — COINpOTHB- 
jleHuve pacTBopa, R2—NOAApu3alHOHHOe cOMpoTHBeHHe 


MaKCHMYyM, MIpeBbiluadiouul 2C, nocme vero pH JaibHeliwiem yBeIMYeHHN — @ 
€MKOCTb BHOBb JOCTHrasla Obl HOPMAJIDHbIX 3HAYCHHH. OKCIEPHMeHTAJIbHbIe pe- 
3YJbTaTbl, MONyueHHbIe [p9MOM VM B HaCTOAMeH pa6oTe, MOKa3bIBalOT MOHOe 
OTCYTCTBHe TaKHX 3>PpeKTOB H, CJIeEOBATeJIbHO, OLMMOOUHOCTh MpelcTaBennii 
© HajHuHH noHOB Hy, aj\cOpOMpOBaHHEIX Ha NOBepXHOCTH pTyTH. Cyepyer 
OTMeTUTb, 4TO HOPMaJIbHbIe 3HAYCHHA CMKOCTH Ha PTYTHOM 9eKTpoge B 1 N 
pacTBopax KHCJIOT OblIM nNowyyeHb! H Batana6s, Llya3u u Yona pesonancupim 
meTojom (38). 

VispecTuo, 4TO CKOpocTb BOCCTaHOBJIeHHA aHHOHOB S,O;- (°), S,Os (1°) 
Fe(CN)¢~ (1) a PtCl,?- (12) pesko pospacraer B pay Lit<Nat<K*<Rb*<Cst. 
A. H. ®pymxun, H. B. Huxonaepa-Pegoposny u B. B. Jamacxun (°) o6nsc- 
HHJIH 9TO ABJICEHHe, MCXOMA M3 MIpef[cTaBJIeHHA O HepaBHOMepHOM paciiperese- 
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HUM MOTeHUMaa B BOMHOM coe, B TO Bpems# Kak Tupcr (*) npeqMonoxKuI, ITO 
BOCCTAHOBJIEHHIO MosBepraioTcs MOHbI THIa MeS,O,, oOpasyronjveca B OObeme 
pacTsopa WH (mpH Oomee OTPHUaTeIbHbIX TOTeHUMaslax) aKTHBHPOBaHHbIe 
KOMIIJICKCbI TOFO 2Ke cocTaBa. BAMAHHe MpHpoOsb! KaTHOHA B paMKax STOFO Mpey- 
MOMOKEHUA CueLyeT OObACHHTS OOIETUeHHeEM OOPAasOBaHHA KOMIIJICKCOB C POCTOM 


paluyca KaTwona. Comocrapnenue pK mucconmanun NaSOQ, u KSO, (*4) 
IIPUBOJUT K BbIBOLy O HEKOTOPOM YBeJIMYeHHU YCTOMYMBOCTH HOHHBIX Map, OOpa- 
30BaHHbIX KaTHOHOM OOJIbIIero pa3Mepa, 4YTO MOTVIO ObI CJIy2KUTb apryMeHTOM 


B ombsy oObsacHenua Tupeta. Tax Kak pK asa HSO, mpm 25° pasuo 1,99 (**) 
U 3HAUHTe/IbHO NpeBbliiaeT BemMuMHy pK aa NaSO,, papuyto 0,72, To, IpHHsAB. 
exemy [upeta, ceqOBas0 Obl OKUMLATb, YTO KATHOH H,0* toumKeH OKa3bIBaTb 3Ha- 
UMTeIbHO G6oOlee CHJIbHOe yCKOpsioulee BJIHAHWe Ha 9JICKTPOBOCCTaHOBJIeHHe 
aHHOHOB, YeM, Halpumep, KaTuou Na’. 
Hamu G6bliio u3syyeHo BJHAHHe MOoHOB H* na CKOpocTb BOCCTaHOBJIeHHA 


aHvoHos S,O2,, Fe(CN)* u PtCl% mpu orpuuateibHEIx sapsgax TIOBEp XHO- | 
ctu. I]peqpaputesbHo ocBo6oxK- 

fa JICHHbIC OT KHCOpOfa pacTBopET 
x come K.S,O,, KsFe(CN), nan 

wv. K,PtCl, u pactBoppt HCl cmemu- 
BaJIMCb C OOpas0BaHHemM pacTBopa 
TpeOyemoro cocTaBa HeMocpescT- 
BeHHO Tepe, H3MepeHHAMH, AIA 
TOrO UTOObI H36e2%KATb UCKaKeHUA 
pesyJIbTaTOB H3-3a H3MeHeEHHH, 
KOTOpble MOryT IMPOHCXOLUTb BO 
BPeMeHH B KHCJIbIX paCTBOpax yKa- 
3aHHbIX aHHOHOB. | lonapHsaluon- 
HbI€ KPHBble ObIIM HCIpaBJIeHbI Ha 
TOoKH coua. IIpu u3syyennu BoccTa- 
HoBseHHA K3Fe(CN), Obiio0 O6Ha- 


Puc. 2. TlonapusauvoHHpre KpHBBIe 

BoccTaHoBleHia 10-3 N KeSeOg B mpH- 

cyteTtBuv HC! (a) u LiCl (6) B KonueH- 

Tpaunax: IJ—10?N, 2—5-10-2N, 
3 — 10-1N 


04 08 12 16 Bluxa) 
“¥ — 


Py2xKeHO, YTO BKUCJILIX PAaCTBOPAX BOCIPOUSBOLHMbIe PesyAbTATbI NOMyaloTCA 
JIMIIb TOCe MpesBapUTeIbHOH OOpaOoTKH CTCKIAHHOM AYeCHKM H KallMJwiapa 
HECKOJIbKUMH NOpWHAMM UcCcyefyemoro pacTBOpa. OTO, NO-BAAMMOMy, CBA3aHO 

U3BJICUeCHHEM H3 CTeKJa KHCJIbIMM pacTBOpaMM CJIeOB MHOTOsapAHBIX Ka- 
TUOHOB, Pe3KO YBeHUHBAIOWIMX CKOPOCTb BOCCTAaHOBUIeHH A" Fe(CN)= (*): 

PesynbtTatTel usMepenuii B pacTBopax 107* N K,S,O, u 10-® N K;Fe(CN), 
¢ 106aBKaMM KMCJOTHI H Cosel WIEOUHBIX MeTAJJIOB MpHBeeHbI Ha puc. 2 u 3. 
Kak BHO 43 MOJIYYeHHEIX JaHHEIxX, KaTuoH H,O* oKasbiBaeT Ha BOCCTaHOBJe- 
HH€ aHHOHOB BJIMAHHe, CpaBHUMoe C BAHAHHeM Li* usm axe ele Comee ca6oe, 
YTO HAXOJUTCA B COOTBETCTBHH C ero MaJIOH alcopOupyeMOcTbIO Ha OTPHLaTeIbHO 
3aps2xKeHHOM moBepxHocTH pTtyTu. HlonapnsalMOHHble KpHBble, H3MepeHHEle 
B 103 N K,S,O, c mo6askam” KCl u KOH mpaxtuuecku copmayatior, 
Tak %Ke Kak HM KpHBble B pacTBopax 10-® N K3Fe(CN).+ 10°? N KCl u 
10-° N K;Fe(CN), +10-* NV KOH. 

_B eayuae poccranopnenua PtCl’, no6asku HC] B KonmeHtTpauuax < 10-2N 
Tak 2Ke, KaK HM MOOaBKH HeOpranWyeckHX Cole B Tex xe KOHUeHTpanusax (22), 
ABNAIOTCA MANO SddekTHBHEIMH. IIpu Oombmux JOGaBKax HCl BowuHa BbIeneHun 
BOWOpowa, CHIbHO CABMralouladcA B CTOPOHY MOMOKUTebHBIX MOTeCHIMMAJIOB 
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B IIPHCyTCTHH CJleOB MIaTHHbI, KOTOpble OOpasy!oTCA Ha KaTOMe, HakabiBaeT- 


cA Ha TOK BoccTaHoBjenua PtCl",, uro saTpysHAeT UCTOMKOBaHHe NOyUaeMEIx 
B STOM CJlYuae Pe3YJIbTATOB. 

CuefyeT, O1HaKO, MoqyepKHYTb, 4TO BbIBOJ OO OTHOCHTeNbHO MaJIOH ajcop- 
Oup yemocTu WOHa BOLOpOa U c1a00mM ero B3aHMOJIeHCTBHH C aHHOHaMH B IIOBepx- 
HOCTHOM CJIO€ OTHOCHTCA JIHIIb 
K MOBepXHOCTAM pas3ylesa, Hecy- 
MMM OTPHIaTeIbHbI 3apsAy, 
MIPHTATMBAIOIMH MOHbI BOLOpO- 
a WU OTTANIKMBAIOUIMH AHMOHBI. 
OH HE MOXKeT ObITb pacmpocr- 
paHeH Ha He3apHAKeHHbIe T0- 
BePXHOCTH IPH HawMunH cre- 
qucpuyeckol acop6uuu anvona, 
kaK 9TO BbITeKaeT H3 TIOBBbILICH- 
HOH ajcopOHpyeMOcTH KHCJIOT 
JO CpaBHeHHI0 C HeHTpaJIbHbIMH 
SOIMMH Ha PTYTH B MaKCHMyMe 
JIEKTPOKAlHJIAPHOH KPHBOH 
15) w Ha CBOOOAHOM moBepx- 
qocTtH Bogp (1%). Bosmoxuo, 
ITO B 9THX ClyaaAnx B aycopou- 
JOBaHHOM CJI0e OOpasyi0TCs He- 
{HCCOMMMpOBaHHbIe + MOJIEKyJIbI 
CHCJIOTHI. 


uc. 3. Tlonapu3auHoHHEle KpH- 
ble BOCCTaHOBJIEHHA 10-8N 
\sFe (CN).s B mpucytcrBuu HCl (a) 
LiCl (6) 8 konueutpauuax: J — 
» 2—9-10-4N, 3—10°N, 
—2-10°°N wu B MpucytTcrBun 
DN KCl1(3’) u 10-8N CsCl (37) 


a 
Q4 O86 12 16 G(u.n.32) 
2 
-Mocxoscxuit rocyapCcTBeHHbIM yHHBepcHter Tloctynuo 
um. M. B. Jlomonocosa 7 I 1960 


UMTMPOBAHHAS JIMNTEPATYPA 


TORR GOMRiEt SiO, | Re S to kes, Electrolyte Solutions, London, 1955. 
D. Grahame, J. Electrochem. Soc., 98, 343 (1951) %A.H. ®pymx«uu, 
B. Tamacxkxun, H.B. Huxonaepa-Megoposuy, JAH, 115, 751 (1957); 

Bb. Tamacxkunu, H. B. Huxkonaaespa-Megoposuy A. H. OpymKu4, 
AH, 121, 129 (1958). *B. Pethica, A. Few, Disc. Farad. Soc., 18, 258 (1954). 
ferLoriuti, IT. Keii,. K. Hirota, .J. Res. Inst. Catalysis Hokkaido Univ., 

1.(1951); J. Horiuti, ibid... 3, 52 (1954); Amira tus dca, us LO: fialintsigerotG = 
231 (1958). © A. Frumkin, 115-th Meeting, Theor. Div. Am. Electrochem. Soc., 
liladelphia, May, 1959. 7A. Matsuda, J. Res. Inst. Catalysis, Hokkaido Univ., 
29 (1960). ® A. Watanabe, F. Tsuji, S. Ueda, J. Electrochem. Soc. Japan, 
, 921 (1954); Bull. Inst. Chem. Res., Kyoto Univ., 34, 1 (1956). °® A. H. OpymxKuug, 
|. A-ro coBelll. 10 asuleKTpoxumuu 1956 r., U3. AH CCCP, 1959, crp. 21; H. B. Hu xo- 
vepa-@Meyoposuy B.B. Lamackunu, tam me, crp. 150; A. Frumkin, 

'Elektrochem., 59, 807.(1955).. 1°91. Zezula, Chem. Listy, 47, 492 (1953). 
A.H. OpymKun, O. A. Tlerpuu, H. B. Hukxonaespa-Menoposauy, 
iH, 128, 1006 (1959). 2H.B. Hukonaespa-Megoposny, O. A. PoOKUHA, 

‘A. Tletpui, JIAH, 122, 639 (1958). %L. Gierst, Cinétique d’approche et 
ictions d’électrodes irréversibles, Bruxelles, 1958. 44 R. Parsons, Handbook of 
sctrochemical Constants, London, 1959. 1% G.Gouy, Ann. chim. phys., (7) 29, 145 
03). 4A. Frumkin, Zs. phys. Chem., 109, 34 (1924). ; 


10: 899 


Jloxnagp AkagqeMun HaykK CCGE 
1961. Tom 137, Ne 4 


PH3HYECKA XHMHA 


E. H. MAJIEOJIO“, A. 3. PEMOTOBA u H. J. TOMALIOB | 


KHHETHKA JJIEKTPOJHbIX NMPOWECCOB KH MEXAHH3M 
CAMOPACTBOPEHHA TEPMAHHA n- HW p-THMOB C PA3JIM4HbIM 
YHEJIbBHbIM COMPOTHBJIEHHEM 


(ITpedcmaeaeno axademuxom A. H. ®pymxunom 18 XI 1960) 


B Halux mpelpiqymiux padotax (,”) 6blI0 MOKa3aHO, YTO MIpoOlecchl BbITeTe 
HHA BOLOpoa WH BOCCTaHOBJICHHA TepeKuCH BOOpOsa Ha TbIPOUHOM pee 
CUJIbHO TOPMO3ATCH, T. €. IIPOTeKaIOT CO 3HAUMTE/IbHO MeHBINeH CKOPOCTHIO, YEN 
Ha repManuu n-Tuna. [lockobkKy 10 CBOeMy XHMHYECKOMY COCTaBy MH COCTOAHHK 
MlOBEPXHOCTH N- H p-repMaHUuu pyr OT Apyra mpakTHyecKkH He OTMIMYAIOTCA, Aus 
OObACHCHHA MOJYYCHHEIX Pe3YJIbTATOB CUeLyeT MPHBJeKaTb pasJIM4YHA B UX MO 
JIYMPpOBOMHUKOBBIX CBOHCTBAX. | 

B page pa6or (°,4) BhickasbiBaeTca IpemmoowKenve, uTO pasHulla B ckopocTi 
BLIJeIeHHA BOJOpOa Ha N- UM p-repMaHHM CBA3aHa C yuacTHemM B STON peakIHl 
TOJbKO JIMUIb 9ICKTPOHOB M3 CBOOO_HOM 30HBI. Ja repMaHua n-THMa cBOOO 
HbI€ SJIEKTPOHbI ABJIAIOTCA OCHOBHBIMH HOCHTeJIAMH 3apAJOB, KOHIeHTpallH: 
UX 3eCb JOCTATOUHO BeJIMKa, a MOSTOMY H BOCCTAHOBHTeJIbHbIe peakIMU Ha re 
MaHMH N-THMa C yaacTHeM CBOOOJHBIX 3JIEKTPOHOB JOJDKHEI mpoTeKaTb Oeclipe 
IIATCTBEHHO. 

J{ia repMaHHA JbIpouHOTO TUMa CKOpOCTh KaTO_HOFO Mpowecca MpH TAaKO! 
M€XaHW3Me peaKIIMH OFpaHHuMBaeTCA HH3KOH KOHILEHTpalluelt CBOOOMHBIX 9JIeK 
poHos. Avanoru4Ho mpexeAbHOMY TOKY M0 AbIPKaM JIA 9eKTPOHHOTO repMaHHi! 
MIpH aHOAHOH MOMAPH3allHH, Ha KAaTOAHIX MOMAPHSaMMOHHBIX KPHBbIX MIA 
repMaHHA JOUOKeH IIpH 3TOM OOHaPyXKHBaTbCA Yu4aCTOK, COOTBETCTBYIOLL 
«NpeeIbHOMy» TOKY MO CBOOOJHBIM 3/IeKTpOHam. BesmuuHa «mpesesbHOr 
KaTORHOTO TOKa JOJKHA 3aBHCeTb OT YIeCbHOFO CONPOTHBIeHHA OOpasiia, yB 
JHYMBAACh C TIOBBIMIEHHeEM CONPOTHBJICHHA p TPH OMMHAKOBOM 3HaueHHH AH 
(PySHOHHOK AMHb! L HeOCHOBHBIX HOCHTeNeli, HIM Mp BOspacTaHHH OTHOLLE 
Hus p/L (5), ' 

Hicxoaa “3 o6ulMx mpeqctapnenul pusuKku MOJIYMPOBOAHHKOB, B KaTOJHb! 
BOCCTAHOBHTCIbHBIX PeaKUHAX Ha NOMYMPOBOAHAKaX MPHHIMNWabHO MOTY' 
OAHAKO, y4aCTBOBATb HE TOJIbKO CBOOOHbIE IJIEKTPOHbI, HO TaKxKe HU IICEKTPOH 
U3 _ BaJleHTHOH SOHBI, 4YTO B pase cyuaeB MOLTBeEpAKeHO IKCHePHMeHTAJIbE 
Sa), Suepreruyecku STO BOSMOXHO MPH ycuOBUH, TO YpOBeHb 9HEprHH, Ha K' 


OyleT onpezenaTsca THOM mpoBoyuMocTH TepMaHus, 9HepreTHyeCKUM TOJO%K 
HH€M YPOBHA, Ha KOTOPHIi nMepexomUT SJIEKTPOH B IIpollecce BOCCTaHOBJIeEHHA 


pagans MOTeHWMasa JaHHOH KaTOAHOH peaKUHH, T. e. 3aBHCHT OT IPUpO, 
I 


ir 

. 

(7. €. IpH yMeHbIeHHH B HEM KOHICHTpalluM AbIPOK) CKOpocTb KaTOAHOrO 
Tipollecca JOKHa YMeHbUIATbCA, BCeEACTBHe OOpasoBaHHA OosbIlero OGeqHe- 
HHA 110 AbIDKaM B IPHMOBepXHOCTHOM cyloe aueKTpoza. M3menenne cKopocTn 
KaTOAHOrO Mporecca Ha p-repMaHHM B 3aBMCHMOCTH OT ero yJebHOrO conpo- 
TUBJICHHA MOXKET TAKHM OOPasOM ObITb KOCBEHHLIM KPHTepHeM NpaBHJIbHOCTH 
OJHOrO H3 YKa3aHHbIX BbINe M€XaHH3MOB KaTOAHOM peak. 


&,(6) 


0 4 8 12 16 20 24 28 Ma/cM2 0 4 8 12 16 20 2h Ma/cMe 
Puc. 1. Katoguaa nouapusayua repManua Prue. 2. KaroqHaa MouapuH3aluaA repMa- 
BpactBope Hs,SO, (pH = 1,0). Tepmanuii Hus Bp pacrpope HeSOQ, (pH = 1,0) + 

Bp -Tuna; J—p=1,3 om-cm,s 2—p= +0,2N H2O,. Tepmanni  p-tuna: J — 
=12 om-cm; 3—p=20 om-cm. Tepma- o = 1,3 om-cm; 2— p = 20 om-co. Tepma- 
HHH f-Tuna: 4—p =—1,0 om-cm; 5— HHA n-Tuna: 3—p=1om-cm,; 4—p= 

p = 10 om-cm; 6 —p = 20 om-cm = 20 om-cM 


| 
| 


B HacTosmleh paOoTe Ham ObIIN MpoBeseHbI NOMAPUSALMOHHbIe U3MepeHHA 
HW OlpefeyieHa CKOPOCTh CaMOpacTBOpeHHA [JIA N- H p-repMaHHA C pa3sJIM4HbIM 
YJeJIbHBIM COMpPOTHBJIeHHeM. 
_  Hwxe mpuBoqutca xapakTepycTuka repMaHus, lpuMeHsxemoro B Halllel 
paGote *. 


TepMauuii n-Tuna TepManuii p-THMa 
YyembHoe conpoTYpseHue p, om-cm 1,0; 10,0; 20,0 glee Ass 6 240), (0) 
Uudbdby3svuonnad auuna L, MM OFDM tend so LO 4) Oe aG es 
p/L PROS a iiner Bos 3 Bie | AAR isi! 


Bce onmbitbl mposoqusiucb B pacTBopax: H2SO, (pH 1,0); HeSO, (pH 1,0) + 
+ 0,2 N H2O2; 0,5 N NasSO, +0,05 N KsFe(CN), u Metogquueckn cooTBerTcrT- 
BOBaJIM YCJIOBHAM HallHX MpesbiLyuux usmepennii ('). 

_ Wlosyuenupie pesybtTatTe mpuBegenbi Ha puc. |, 2, 3. Jia repmManusa n-Tuna 
CKOPOCTb KaTOAHOPO Mpolecca lpakTHyecKH He 3aBUCHT OT ero yeJIbHOFO Compo- 
TuBeHHa **. Jlna repManua bIpounoro Tuna (puc. |, 2) creneHb TopMoxKeHuaA 


* CaelyeT yKa3aTb, YTO JIA TaHHbIX OOpa3sOB repMaHHA H3MeHeHHe yyebHOrO COMpoTHB- 
JIGHHA 3HAYHTeJIbHO MpeBbIAaIO H3MeHeHHe AHppy3HOHHOH JVIMHbI. 
** Ha Bcex pHCyHKaX MpHBOLATCH NOMAPHSallHOHHbIe KPHBble C YUeTOM OMHYeCKOrO NaweHHA 
NOTeHIHala B OObemMe OOpasila. 
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KaTOJHbIX peakIHit BbIZeIeHHA BOLOpOsa u BoccTaHOBJeHHA H2O2 Tem Oonbue, 
YeM BbIINe yAe/IbHOe COMPOTHBJIEHHe p-repMaHHA, T. €. YEM MCHbIe B HEM KOHI[CHT- 
pallu OCHOBHEIX HocuTewet. KaToxupie noApH3alMOHHble KpMBbIe JIA p- 
repManua B pacrBope H2SO, (pH 1,0) u H2SO, (pH 1,0) + 0,2 N {H2O2 umeror 
NOCTOAHHbIM HaKJIOH HM He OOHAPyXKHBaloT yuacTKa, COOTBETCTBYIOINero Mpesesb- 
HOMY TOKY 10 CBOOOJHEIM 39JIeKTpOHaM. CKOpOCTb KaTOAHOrO BOCCTaHOBJIeEHHA 

; [Fe(CN),]®" Ha p-repMaHuu B OOJIbILIOM 
MHTepBave MJIOTHOCTeH TOKAa OKa3bIBaeT- 
CA lake Bbillle, YeM Ha repMaHHH N-TuNa 


OT ero yfebHOTO COMpOTHBIeHHA 
(puc. 3). Peskoe u3MeHeHHe HakJIOHA I0- 
JIAPH3aUMOHHEIX KPHBbIX WIA N- H p- 


JIOCTHXKEHHEM IIpee/bHOTO TOKa JIA MO- 
HOB [Fe(CN),]?-. 


CKOpOCcTH pa3spsaya HOHOB BOopoga u 
BOCCTAHOBJIEHHA H2Oe Ha bIPOUHOM Tep- 
MA@HHH M10 Mepe yBeJIM4eHHA eFo  yeub- 
HOrO COMPOTHBJIeHHA (HJIM COOTBeTCT- 
BeHHO OTHOMeHHA p/L) u OTCYTCTBHe Ha 
KPUBBIX IIpefebHOrTO TOKAa 10 HEOCHOB- 
HbIM HOCHTeIAM MOKa3bIBaeT, 4TO Mpel- 
MOOwKeHve OO Yy4aCcTHH B STHX peak- 
WHAX TOJIbKO CBOOOJHEIX 3JIEKTPOHOB, 
m10-BHyjuMoMy, He BepHo. IlonyyeHubIe 
9KCICPHMCHTAJIbHbIe Pe3yJIbTAaTbI TOJ- 
TBepxKaioT Hallly rumoTesy O lpevmy- 
I€CTBEHHOM Yy4aCTHH B JaHHbIX KaTOJ- 
HbIX IpOleccaX OCHOBHBIX HOCHTesIel 
TOKAa, T. €. CBOOOJHBIX IJIEKTPOHOB [JIA 


MW JIA bIPOYHOTO TepMaHHA He 3aBUCHT 


repMaHHA CBA3aHO B JaHHOM CJIydae C~ 


Puc. 3. KaToqHad nomapusanua repMaHua 
B pactBope 0,5N Na »SO,-+ 0,05N Kg: 
[Fe(CN).]. Tepmanui p-tuna: 1 —p=—1,3 
oM-cM; 2—p=12 om-cm; 38—p=20 
oM-cM. JTepmMaHu n-Tuma:. 4—p=1 
om-cM; 5 —p=10 om-cm; 6 — p=20 om-cm 


n-TepMaHHA UW 3JICKTPOHOB H3 BaJIeHT- 
HOH 3OHbI JJId TepMaHHA p-THMAa. 
Bowlee BbICOKaA MOMAPH3SyeMOCTh p- 
repMaHHA 10 CpaBHeHHIO C repMaHHeM 711- 
Tula B peakuuax: 2H*+2e + He u 
H202e+2e-+2H*—> 2H2O moxkeT ObiITb 


OOyCIOBIeHa B 3TOM CJlydae JONMOJHHTeIbHbIM OMHYeCCKUM TafeHHeM IOTeH- 
Mala B IIpHMOBepXHOCTHOM C0e SeKTPOAa, OOeAHEHHOTO AbIpKaMH. OdefHeH- 
HbIH. 10 JbIPKaM CO Ha P-repMaHH BO3HHKAaeT B Mpollecce ero KaTOAHOM MOusA- 
PpusallHH, T. €. IIpH OTPHWaTeIbHOM 3apAXKeCHHH MOBeEPpXHOCTH p-repMaHHA 10 
OTHOWIeHHIO K pacTBopy. Hamwune Takoro CJIOA, HalpaBsIeHHOrO B rvIyOMHy 
NOJYMPOBOLHHKa, HAeCHTHYHO MOBbINeHHIO S9PPeKTHBHOFO COMPOTHBJICHHA Ha 
rpaHule repMaHHii — pacTBop, a NOSsTOMY H IIPHBOMMT K HeKOTOpOMy jomOuI- 
HHTeEJIbHOMY OMHYECKOMY TaJeHHIO MOTeHIMasia, KOTOPOe IIpH NOCTOAHHOM TVIOT- 
HOCTH NOJIApH3yrlollero TOKa TeM OOVJIbILIe, YEM BbIMe YAeJIbHOe COMpPOTHBeHHe 
MCXOHOrO p-repMaHHaA. 

BenwunHa MOTeHIMala, Mp KOTOPOM HauMHaeT CKa3bIBaTbCaA O6eHeHHe 
MPHMOBEPXHOCTHOLO CJIOA p-repMaHHA 10 AbIPKaM, OMpesesAeTCA MOMOKeHHEM 
HYJI€BOM TOUKH TepMaHUA B aHHBIX YCJIOBUAX H MIA Pa3HbIX PaCTBOPOB MOXKeT 
OTMMuaTLCH. Ha nonoxKUTeMbHO 3apsxKeHHOM MOBePXHOCTH p-repMaHUA CJIOSN, 
oOeHEHHOrO LIPKaMH, He OOpasyeTca. OrcyTcTBHe TOPMOXKeHUA peaKIMH BOC- 
cTaHopyieHua [Fe(CN),]* Ha p-repManuu (pic. 3), 10-BHyqMMOMy, H OObACHHeTCA 
TeM, 4TO BCJIeACTBHe OUeHb MOJOMKUTEMbHOFO 3HAYCHHA MOTCHWMaa BOCCTaHOB- 
JICHHUA STOO HOHA Ha FepMaHHeBOM JIeEKTpOe, OOe€THEHHE AbIPKaMM MOBepXHOCTH 
P-r€pMaHHsA B WaHHOM CJlyuae UpesBbINaHHO MaJIO HJIM BOOOWIe OTCYTCTBYeT. 

CkopocTb aHogqHoro pacTBOpeHus p-repMaHus BO BCeX yKa3aHHbIX BBILEe 
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O6HapyxxeHHOe HaMH YMeHbIMeHHe 


pacTBopax He 3aBHCHT OT ero yflenbHOrO conpoTHBeHuA. J[na d1eKTpOHHOrO 
repMaHWA B STHX %Ke pacTBOpaXx, KaK HM CeLOBaO OMUMATS, AHOMHEIM TOK Ha- 
‘CbIINeCHHA TeM OOJIbIIe, YeM BbILIe yesbHOe COMpOTUBJIeHHe (UIM OTHOLMeHHE p/L) 
HCXOHOTO MaTepHama. 

Hye moka3aHo, 4TO CKOpOCTb CaMOpacTBOpeHHA repMaHUA B pacTBOpe 
HeSO, (pH 1,0) + 0,2 N H2O2 mpakruuecku He 3aBucuT OT ero THMAa MpoBO- 
JMMOCTH M yieubHOTO CONpOoTHBJIeHHA. 


Ge n-Tuna Ge p-Tuna 
CxopocTb camMopacTBopeHuA, Mr/cm?-yac 
mpH p =1,0 om-cm Oma 0,98 
mpH p = 20,0 om-cm 0,87 0,92 


Aaa Ge n-Tunanpu p = 1,0 om-cm IgacyunG<0,4 Ma/cm?, mpu p = 
= 20,0 om-cm J gacsiml1,2 mMa/cm?. 

_ Jina repManna n-Tunac yieibHbIM compoTuBeHHem 1,0 om-cm, ChopocTb 
‘CaMOpacTBOpeHHA K TOMY 2%Ke B 3 pa3a MpeBbllilaeT BeHYMHY aHOMHOTO TOKa 
HaCbINeHHA. 

_ Tlomyuennpie pesybTaTbI MOKasbIBaIOT, YTO B Tpowecce camopacTBopeHHA 
creunpuyeckoe BJIMAHHE MOJIYMPOBOZHHKOBbIX CBOMCTB repMaHHA He CKa3bi- 
BaeTcA HW IIEKTPOMHbIe peaKUMH KaK JIA TepMaHHA C JJICKTPOHHOH,TAaK U JbI- 
POUHOH MpOBOLUMOCTHIO MpoOTeKaioT B STOM CJTy4ae Ges TOPMOKeHUA. 

TlocmemHee Mbl CBASbIBAeM C HAJIMUMEM MOJOMKUTEIbHOrO 3apsAfa Ha MOBepx- 
HOCTH M- HM p-repMaHHA IIpH CTawMOHapHOM NoTeHWMane B pacTBope H2SO,4 
(pH 1,0) +0,2 N HeOse, T. e. c MOBLIMeHHOM MOBepXHOCTHOM KOHIeHTparlnel 
(bIPOK B TaHHbIX YCJIOBHAX. 

CkopocTb caMopacTBopeHua repMaHHA B MpPHCyTCTBHH NepeKHcH BOsopora 
Kak Js n-, TaK H p-TUMa JOKHa B STOM CJly4ae ONPeeIATbCA KHHETHKON KaTOI- 
HOTO Mmpolecca Ha N-repMaHHA HW aHOMHOTO Mpomecca Ha repMaHHH p-THNAa. 3Ha- 
Ne€HHA CTAallMOHapHOTO MOTeHIMasla H CKOPOCTH CaMOpacTBOpeHHA n- u p-repMa- 
HHA B pacTBope HeSO,(pH 1,0) + 0,2 N He2Ose, nomwyuenHble u3 NoApH3alMoH- 
HOM JWarpaMMbI, NOCTpoeHHOM MO TaKOMy IIpHHIMMy, xXopowlo cormacyroTcaA 
€ JlAHHbIMH HeMOCpeACTBCHHEIX H3MepeHHit. 


Viucrutyt du3snueckoH XHMHH Ilocrynuso 
Akajlemun HayK CCCP 10 XI 1960 
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Jloxanagn Akagqemun nayrx CCCP 
1961, Tom 137, Ni 4 


@®HSHYECKAA XHMHA 


r. M. MOMOBA, H. A. LTYPMOBCKAS wu P. X. BYPLITEHH 


BJIMAHHE AXCOPBHPOBAHHDbIX FAJIONAOB HA PABOTY 
BbIXOJA IJIEKTPOHA H3 DKEJIE3SA ) 


(ITpedcmasaeno axademuxom A. H. PpymKunoim 9 XI 1960) | 


Pa6otamu Halle madopatopun (1-%) no BAMAHMIO alcopOupoBaHHoro KHCJIO- 
pola Ha paOoTy BbIXOfa 97eKTPOHA U3 %Kesle3sa, HAKEA UW MaTHHbI ObWIO MOKa- 
3aHO, TO He TOJIbKO BeJIMUMHA, HO M 3HaK KOHTAKTHOM pa3HOCTH NMOTeHIMaJOB 
OlpemexeTCA yCOBHAMH B3aHMOJeHCTBHA raza c MeTanoM. Tak mpuH afcop6- 
IMM OJHOTO HW TOTO Ke KOMMYeECTBA KHCOpOsa Ha Kemese H HAKeNe paboTa BbI- 
xXOfa 9JIEKTPOHA YBEJIMYMBaeTCA HJIH YMeHbINaeTCA B 3aBHCHMOCTH OT Temmepa- 
TYPbI B3aMMOJenCTBHA rasa c MeTaoM. [lepemMeHa 3Haka 3apsaya NOBepXHOCTH 
B Calydae Kese3a MpOMCXOLUT TakxKe Ip H3MCHEHHM KOJHYeCTBA aCcOpOupoBaH- 
Horo KucJIopoyqa. AHalorM4uHoe BJIMAHHe XeMOCOpOMpOBaHHOrTO KHCIOposa Ha 
3apaA| MOBepXHOCTH B TocIeqHee BPeMA HaGMOLaIH u Apyrve aBToppi (*). 

B cBa3M C NPHBeJeHHbIMH BbIMe JAaHHbIMM MpescTaBAsIO HHTepec UccuIesO- 
BaTb BJIMAHHE JPyrHX IICKTPOOTPHMAaTeIbHBIX La30B, aCOPOMpOBaHHbIX Ha 
MeTaJIaX, HallpHMep raJIOHJOB, Ha pa6oTy BbIxofa 9eKTpoHa. JluTepaTypHbIn 
MaTepHaJl 10 BJIMAHHMIO afcOopOuHH ranou“soB Ha paOoTy BbIxXOfa 9uIeKTpOHa 
Kpaline orpannyen. Padotsr Ye uv Pugusa (°) noKasamu, ITO Hox uM Opom, afcop- 
OHpOBaHHble Ha MOBEPXHOCTH 3010Ta, H HOM Ha CepeOpe BbISbIBAIOT yBeH4YeHHE 
padoTnl BbIXOZa 9IeKTpoHa. Mog Takxe yBeM4MBaeT paOOTy BbIXOJa SIeKTPOHA 
u3 WHMpKOHMA u THTaHa (°). M3meHeHve paGoTbI BbIxoqa B Cmyyae Ag, Au, Zr 
cocTaBiaio0 0,2—O0,4 B, a qua Ti Ag focturano 0,9 8. Mnyto 3aBucumocTb Ha- 
60 aIH IPH aqcopOuuH raJlOHOB Ha MeTasax WleOMHOK Trpynnpl, rye ancopo- 
IMA IPHBOAUT K YMCHbILNeCHHIO paOOTb! BHIXOMa JJIeKTpOHa (’). 

B HacTosulel padote Opiio ucceqOBaHO BJIHAHMe xOpa HU Hosa, amcopdu- 
POBaHHbIX Ha %Kelese B Pa3JIMUHbIX YCNOBUAX, Ha paOOTY BbIXOJa 3/IeKTPOHA. 
M3mepeHve KOHTaKTHOM pa3HOCTH MOTeHIIHaOB MpOH3sBOAHOCb BHOpallMOHHO- 
KOHJeHCaTOpHbIM MeToyom (*), B npHOope, B KOTOPOM 3JIEKTpOl CpaBHeHHA 3 
MOIHOMeHa ObIJI ONaHH CTeKJIOM, aHaMOrMYHO ONMCaHHOMy B paGote P. X. Byp- 
mre u JI. A. Jlapuna (°). Uccnenyembim 31eKTpofom cy2Kula WWwlacTHHKa pa3s- 
mMepom 20 x 20 x 0,2. MM M3 CHeKTpasbHO 4NCTOrO xKese3a (PUPMBI «XuMbrep». 

XsOp MOydaicA TepMHyecKHM pa3zJiowKeHvem xsoOpHoro 3o0u0Ta (2°). Tlocae 
Tpe€HHPOBKM B BaKyyMe XJIOPHOe 300TO HIM HOM HarpeBadH HW BbIAeMMBLUIKeCA 
Tapbl XJOpa HMM HOa KOHJeHCHPOBaNH B OTpOCTKe, MOPpyKeHHOM B KHAKAK 
a30T. Jit OsHpoBKu XOpa HH Hola B npHOope MosyepxKuBaacbh ompese- 
J@HHaAA YIPyrocTb NapoOB raOufa, ITO JOCTHramOcb MOrpyxXeHveM OTPOCTKa 
C KOHJICHCaTOM B PasJIMUHbIe OXJaKaromMe cmecu. Takum OOpa30M, ObIIH M0- 
JYYeHbI aMIYJIbI C PasJIMUHbIM LaBJIeHHeM xXIOpa HM Homa. B KayecTBe OxaxK- 
Maroulux CMeceli TIA MOSMPOBKH XM0Pa ObIIH MCMOb3OBaHbI: TBepAbI H30TIeH- 
TaH (ton = — 142°), Teepgprit stunoBEi cnupT (tn, = — 106°) u cmecb TBep- 
HOW yIeKUCOTEI Cc alleToHOM (t = — 78°), uTO COOTBeETCTBOBaJIO yIpyrocTam 
MapoB X0pa B ammtysie 4-10-? mm, 5 Mm u 63 mm pt. cr. (2). Tlocae pasOuBanua 
aMIIyJIbI aBJICHHe NapOB XOpa B CHCTeMe COOTBETCTBOBaJIO 4° 10-4 mm, 5-107? MM 
Hu 6,3-107* mm pr. cr. Lapnenue napos foga B CHCTeMe B HallIMx OMbITax COOTBET- 
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cTBoBas0 0,01 mm u 0,07 wo prt. ct. Ja mpoBepku TOUHOCTH JO3HpOBKH raJion- 
JOB Ob MpoOBefeHbI aHaJIMTHYeCKHe ONpesAeJIeHHA COfep2xKaHUNA xOpa HM Hopa 
B aMIlyax HoomeTpnueckuM meToyom. JlaHHble aHasv3a yOBJIETBOPHTeJIbHO 
COBMasa1woT C KOJIMYECTBOM TaJIOHOB, ONpeeJIeHHbIX H3 PaBHOBeCHbIX 3Haye- 
HHH ypyrocTH mapa. 

IIpeqBaputTembHad OOpaboTKa *KeNe3HOrO JJIeEKTPOfa 3aKJOUaIaCb B MHOFO- 
“KpaTHOM BOCCTAHOBJICHHH €TO BOLOpOAOM IIpu Temmepatype 400° u mocaenyto- 
| WeM JWIMTeIbHOM OOesraxKHBaHHH JO LaBsieHHA 2-10" ° mM pT. cT. IpH mporpese 

TOKaMH BbICOKOM yacTOTHI 20 700°. SaTem sueHKa MOMelalacb B 9KPaH M3 Med- 
HOM Ce€TKH HM JIA CHATHA HABOJOK ee NporpeBasiN Jo 200° nocTOAHHbIM TOKOM. 


0 roars §200 00% 


Puc. 1. BauanHe TemnepatTypbi mpo- 
rpeBa 2KeJleg3a Cc XeMOCOpOHPpOBaHHbIM 
XJIOPOM B BakyyMe Ha KOHTAaKTHyIO 
Ppa3HOCTb MNOTeHIHaloB: J — xemo- 
cop6una npu 20°, p = 5-10-4 mm pr. 


Puc. 2. MW3mMeHeHHe KOHTaKTHOH pas- 
HOCTH NMOTeHIMaJIOB ‘ B 3aBHCHMOCTH 
OT TeMMepaTypbl B3aHMOselicTBHA 
xslopa Cc Keles0M IIpH pa3JIHUHbIx 
WaBleHHAX XOpa B Ta3s0BOH (ase: 


ct., /] — To xe mpuH p = 5-10-? wm, I —p=5-1074 mm pr. crt., 1] — 
III] — To xe mpu p = 6-107! uu p =5-107? mm, //J— p = 6-107! mu 


Tlocne oxaxkJeHuad mpHOopa JO KOMHATHOH TemMepaTypbl H3MepAsaCb KOHTAKT- 
HaA pa3HOCTb MOTeHIMaJIOB MexKAy *Kesles0M H IJI€KTPOOM CpaBHenua. PasOu- 
BaHHeM aMIyJIbl B CHCTeMY BBOJMJIN Napbl Xopa uM Hopa. PKeresHbI IeKTPOT 
BbIJepKUBAJICA IpH KOMHATHOH Temnepatype (20°) B mapax ramoHyoB B TeyeHHe 
15—17 uac. M CHOBa H3MepAaCb KOHTaKTHadA Ppa3HOCTb MOTeHIUHAJOB. 

JA BBIACHEHHA 3aBHCHMOCTH paOOTHl BLIXOJa JIEKTPOHA OT yCJIOBMH B3aMMO- 
jeHCTBUA XJIOpa C *KeNe30M ObIVIM ONpeeIeHbI KOHTAKTHbIe Pa3sHOCTH MOTeHILMa- 
JIOB MEX%Ky YHCTHIM %KeNe30M HW KENe30M, NOTOTHBIIMM XJIOp KaK IIpH pasJiny- 
HbIX JA@BJICHHAX TaJIOHOB B CHCTeMe, TaK H IPH OJHOM H TOM x%Ke JaBJIeEHHH, HO 
IPH pasJIMUHbIX TemnepaTypax (20—300°). HesaBucumo oT yc0BHii B3aMMOzel- 
_CTBHA BCe H3MePeHHA KOHTAKTHOM Pa3HOCTH NOTeHIMaJIOB MpOM3BOAMJIMCh IPH 
20°. Tlonyuenupie pesysbTaTbI mpezcTaBsenb Ha puc. | u 2. [puBegenupie Be- 
| JMUMHbI KOHTAKTHOM pa3HOCTH NOTeHIMAaOB ABJIAIOTCA Cpe,HHMH 3HayeHHAMH 
-HW3 psa OMBbITOB. Han6onbuiee OTKJIOH€HHE OT CpeHeH BeJIMYMHBI COCTABIAO 
625%. 

Vi3meHenve padotbi BbIXOJa 9JIeEKTpOHa pu aycopOunu xOpa Ha *Keese 
BbISbIBaeTCA HeEOOpaTHMOH XemMOcopOuMeh. ITO BUAHO M3 Toro (akTa, YTO IIpH 
o6e3raxKUBaHHH mpHOopa nocse aycopOunu x0pa paoota BbIxXOfa He H3MeHAeT- 
ca. IlocmeqHee roBpopuT Take B MOb3y TOrO, YTO XJIOP He OKa3bIBaeT BJIMAHUA 
Ha 9JeKTpOA cpaBHeHua. IIpu uccnefopaHuu BJIMAHUA xs0pa, aycopOupoBan- 
oro mpu 20°, Ha paOory BbIXOfa 3IeKTpoHa CJleLyeT, YTO H3MeHEHHE JaBseHUA OT 
4-10°4706,3-107! mM prt. cT. IpHBOAUT K H3MCHEHHIO KOHTAKTHOH Ppa3sHOCTH MOTeH- 
‘nuasos oT 0,1 0 0,27 B. IIporpes npu 100° xee3a c xemOcop6HpoBaHHBIM XJIO- 
pOM pH OTCyTCTBHM XJOpa B ra3s0BOl dase (xXOp BLIMOpaxKUBaJICA %KUTKUM 
a30TOM) IIPHBOAUT K JONOMHUTeIbHOMY yBeJIMUeHHIO padoTE! BbIXOJa, JocTuralo- 
_memy, Kak 9TO BULHO u3 KpuBOH J//, 0,85 B. Ilocne nopbuieHHa TemnepaTypbl 
ameKTpoza fo 200—300° HaOmogaeres YMeHbIueHHe paOOThl BbIXOJa IJIEKTPOHA 
10 CpaBHeHHI0 c mpesbiqymium 3Hauennem. Ilocue mporpeBa 9meKTpoga mpu 300° 
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pa6oTa BbIXOJla 9JIEKTpOHA CTAHOBUTCA MeHbIUe, YeEM H3 BOCCTAHOBJIEHHOFO 2Ke- 
ye3a. Kak BugHO u3 KpuBEIx // u JJ], 3To yMenbuteHHe JocTuraerT 0,1 B. 

[Ip HaH4MM XIOpa B ra3s0B0H (pase (puc. 2) HaOMOMaeTCA aHaJIOrH4HaA TeM- 
lepaTypHad 3aBHCMMOCTb. OTIM4Me 3aKsOUAeTCA TOMbKO B TOM, YTO MAKCHMA€IIb- 
Hoe 3HAYeHHe KOHTAKTHOM pa3HOCTH nNoTenmMaoB 1,3 B B STOM CJy4ae COOBET- 
cTByeT mporpesy mpu 200°. Tocae npo- 
rpeBanua mpv 300° mpoucxoquT HeKOTO- 


7 poe yMeHbINeHHe paOoOTH! BLIXOJa 3JIeKT- 
10 poHa, OJHaKO OHa BCe xKe BbINe, YEM H3 
f BOCCTAHOBJICHHOrO MeTawia. SaBucu- 
ne MOCTH KOHT@KTHOM pasHOCTH MOTeHILH- 
5 ae aylOB OT YIpyrocTH MapoB xsopa B ra- 


30B0H (base NIpH pa3sJIM4HbIX TemMepaty- 
pax MOPIOWleHuA MIpHBeeHbI Ha puc. 3. 
Kak BUHO 43 pic. 3, BO BCeM HCCeLO- 
BaHHOM HHTepBasle Temmepatyp (20— 
300°) moBbileHve JaBJIeHHA xOpa B 
CHCTeMe BbISbIBaeT yBeHYeHHe padorTbl 
BbIXOMa QJIEKTPOHa. 

YpemuyeHHe paOoOTb BLIXOJa 3JIeKT- 
poHa Ha 2Keslese Np acopOluv Ha HeM 
Xjl0pa IIpW KOMHAaTHOM TemnepaType MOxKeT ObITh OObACHEHO OOPAas0BaHHeM Mp 
9TOM Ha €FO MOBEpXHOCTH AuMOeH, NOBEPHYTHIX OTPHWaTeJIbHbIM 3HAKOM Ha- 
pyxy. Jlampuelimee yBemuuenve paOoTbl BbIXOJla 9/IeKTpoHa, HaOOfaemoe Ha 
2KeIe3e C MOBBINeHHeM TeMMepaTypbI B3AMMOMCHCTBUA C XJIOPOM, HEeJb3A OODAC- 
HMTb TOJIbKO H3MCHEHHeEM KOJIMYeCTBA ajl- 


4 7 
Ld Pia 
Puc. 3. Bauanue jaBJieHHa xOpa Ha KOH- 


TaKTHYIO pa3HOCTb MOTeHUHaOB: a — 20°, 
6— 00 206 —200eeee— 002 


Co) 


cop6upoBaHHoro rasoufa. STO s3akv1OUe- G 100 200 or 
HMe€ OCHOBaHO Ha TOM, 4TO aHasorHyHoe t 0 T 

yBeJIMYeHHe MpOHCXOMUT ocle mporpeBa 3.2 — a x 

7Kelesa C XEMOCOPONPOBaHHBIM XJIOPOM B Q4 Pig 

BaKYYyMe, T. €. B YCJIOBHAX, KOTa JONOMHH- 06 I 


TeJIbHaA alcopOuua HeBosmomHa. Jia O6b- 


ACHEHHA ONMCAHHOYO 3feCb ABJICHHA Halo 
IIPHHATb, UTO MOBbINeHHe TemMnepaTypbl 
IIPHBOJHT K H3M€HEHMIO XapakTepa CBA3H 
M@XKLY XJIOPOM HM MOBEpXHOCTHbIMH aTOMa- 
MM 2Kee3a. 


Puc. 4. W3meHenne KOHTAaKTHOM pa3sHoc- 
TH MOTeHI[HaJIOB B 3aBHCHMOCTH OT TeM- 
llepaTypbl MporpeBa 2%eJlesa c xXemocop- 
6upoBaHHbim Hoyom. / — mporpes B Ba- 
KyyMe nocyle xemocopOuHH fioga npu 
p = 1-10"? mm pr. ct. un 20°, JI — to 


*Ke pH p= 7-10-2 mm uw 20°; JJ] — 

MporpeB Mpv WaBseHuN Hoxa B ra3soBoit 

chase mpH p = 1-107? mM pr. cr., JV — 
TO Ke mpH p= 7-107-2mm 


YMeHbINeHHe, MO CpaBHeHHIO C ee 
MaKCHM@JIbHBIM 3HAYCHHeEM,  BeJIMUMHbI 
KOHTaKTHOM pa3HOCTH MOTeHIMaOB mpH 
Temnepatype sbiute 100° B BakyymMe u 
200° B npucyTcTBHU XsOpa B ras0Boli ase cBasaHO Cc mpoTeKaHHem ABYyX mpo- 
leccos. Bo-nepBbixX, NPOHCXOAUT ylaleHHe xJOpHcTBIX Cosel 2Kee3a C MOBepx- 
HOCTH SJIEKTPOa, O YEM MOYKHO CYAUTb MO NOABMCHHIO B HEKOTOPBIX CyIyuaAx He- 
OoubuIoro Gyporo ocayKa Ha cTeHKaX sueliku. Cormacno JIMTeEPpaTYPHbIM JLaHHbIM 
(*°), ympyrocTb napa He TObKO XJIOpHOro, HO M XMOpHCTOrO %ee3a TIpH TeM- 
nepatype 200° u pple, y2xKe 3HauNTebHa. Bo-BTOpEIX, BO3MOXKHO BHey,peHue 
aTOMOB raJIOWJOB NO], BeEPpXHUH COM aTOMOB 2%Kee3a HJM BbIXO], ATOMOB xKeNe3a 
Ha NOBEPXHOCTb XJIOpHa. ITO cyleLyeT M3 Toro, 4TO padoTa BbIXOJa S1eKTPOHA 
M3 *KeJle3a, NOTIOTHBLIEFO ONpeeeHHOe KOJIMYECTBO XJIOpa, Moce HarpeBa JO 
300° cTaHOBHTCA MeHBIIe, YeEM H3 BOCCTAHOBJIeHHOrO Hu O6e3raxKeHHOrO 3JIEKTPO- 
ya. Ilpw Hanwunu xsopa B ras0Boi case B MHTepBame Temnepatyp 100—200° 
MpOTeKaeT JONONHUTeIbHOe MOPOUleHve Tralousa, KOTOPOe MPpHBOAUT K H3Me- 
HeHHiO paOOTbl BbIXOa SeKTpoHa, AocTuratomemy 1,3 B. 

Jina BbIACHeHHA BUIMAHHA ajcopOupoBaHHoro fiowa Ha pa6oTy BBIXofa 
3JIEKTPOHa W3 2*Kesesa ObII MpOBeeH px ONbITOR npH JaBnenuax 0,01 u 
0,07 mm pr. ct. Iouwyuenubie pesysbTatnl npeycTaBseHbi Ha puc. 4. 
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_ 8B OTmMaHe OT pe3yJIbTaTOB, MOJYYeHHEIX C XJIOPOM, MAKCHMaJIbHOe yBeuH- 
yeHue paooThl BbIXOJa 3IeKTpOHa HaOMOMaeTA AA Hola, xemocopOupoBaHHoro 
Ha 2Keslese np 20°. KontakTHad pa3HOocTb moTeHItMas0B np ZaBsenuu 0,07 mm 
pt. cT. RocTuraet 0,5 8. Yaanenne fioxa u3 ra30Boli cbasbl moce xemocop6unn 
Ha MOB€PXHOCTH 2Keslesa He MPHBOAMT K U3MeHCHHIO KOHTAKTHOM pasHOCcTH no- 
TeHIUHAaJIOB, ITO CBUJeTeEIbCTByeT O HeEOOpaTHMOcTH Mporecca. Tloppmuenue Tem- 
nepaTypbl B3aMMOfencTBHA Hosa C %Keses0M MPMBOLUT K MOCTeMeHHOMYy yMeHb- 
IMeHHIO PpaOoTb! BbIXOJa SIeEKTPOHAa MO CpaBHeHHIO CO 3HayeHHeM, MO/yYeHHbIM 
mpu 20°. Ilocae nporpesa mpu 300° pa6ora BrIxopa 9JIEKTpoHa CTaHOBHTCA MeHB- 
me, ¥eM padoTa BEIXofa U3 uncToro xeNesa, HAN, 1—O,15 B. M3 nowyuenuetx pe- 
SYJIbTaTOB CJlefyeT, YTO 3HaYeHHE KOHTAKTHOM Pa3HOCTH MOTeHWMaOB BOspa- 
cTaeT C yBeJIM4eHHeM JlaBeHHA HOfa, 4YTO BOSMOXKHO CBA3aHO C yBeIMYeHHeM 
‘CKOpOCTH XeMOCOPOLMM Hosa C NOBBINIEHHeEM JaBJIeHHS. 
_ Ha OCHOBaHHM STUX LaHHbIX MOMKHO MpeMNOMOKUTH, YTO MOTOMIEHHe ATOMOB 
Oa pH KOMHaTHOH TemmepaType CONpoBoxwaeTcA MepexOOM 3JIeEKTPOHA OT 
MeTaJlla K ralouy, IpMBOAAWMM K BOSHHKHOBeCHHIO OTPHILaTeJIbHOFO 3apsya Ha 
nospepxHoctu. Ilocnexyromjee CHu2KeHHe paOOThI BLIXOJa 9JIeEKTPOHAa NO Mepe yBe- 
JM4eHHA TeMnepaTypbl BSaHMOJeHCTBUA BbISbIBAeTCA, MO-BHMMOMY, HCrlape- 
HHeM OOpasoBaBilleroca oxucToro xenesa (1), oO ueM CBHeTebCTBYeT 2KeJITO- 
OypbI HasleT Ha CTeHKaX AUeHKM, B KOTOPOM ObIIH OOHAPY2KeHBI HOHBI 2Kesesa. 
YMeHBIUeHHE paooTH BEIXOa IIEKTPOHA H3 *Kesesa c XeEMOCOPOHPOBaHHbIM 
Hofom nocJle mporpepa mpu 300°, no cpaBHeHHIO C 4HCTHIM KesIe30M, MOXHO 
OObACHHTb Tak Ke, KaK H aHaJIOrH4YHOe ABJICHHe C XJIOPOM, OMHCAaHHOE BBIlLe. 
M3 MomyueHHBIX JaHHbIxX CylelyeT, 4TO IpH XeMOcOpOuMH Taso“yOB Ha xKe- 
wiese, Tak xe KaK M MpH xemocopOluu KuCNOpOsa, HaOmOfaeTcCA yBemH4yeHHe 
HJIM YMeHbINeHHe paGOTbI BbIXOa IICKTPOHA B 3aBHCHMOCTH OT YyCJIOBHIi B3a- 
‘MMOJCHCTBHA. 


VWucTHTyT 931eKTPOXHMHH Tocrynuo 
AxafemMuH HayK CCCP 30 X 1960 
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Jloxazagu Axkaygemun nayx CCCP 
(961, Tow 137, Ne 4 


XHMHYECKAA TEXHOJOTHA | 


A. A. ANH, JI. H. CTECHK u H. C. LIBEOBA 
YHAPHAA AXMABATA BAJWIMCTATHOLFO MOPOXA 


(I1pedcmaeaexno axademuxom B. H. Kondpameesoim 29 X 1960) 


YuapHad aguaOaTa npeszcTapiseT COOOM 3aBHCHMOCTb Me@xKAy MaBsenHe 

H IWIOTHOCTHIO BEWeCTBA, KOTOPas OCYIIeCTBIAeTCA B yapHO BOHe. Y paBHeHHA | 
COXpaHeHHA MaCCbI HW KOJMUeCTBA JBHXKCHUA 

PyD == |v (D aan | oy 
Pepe (1) 
CBASbIBaIOT aBsleHHe P M NMOTHOCTD p CO CKOPOCTbIO pacHpocTpaHeHHA yapHou 
Bomb! D wm CKOpOCTbIO MOTOKA BellleCTBa 3a (PPOHTOM yapHOH BOVJIHEI U. Was 
HaxOKeHHA yapHol ayuaGaTH JocTaTouHO usmepeHua cKOpocTtel D u De | 
B psfe pa6oT, ony6mMKOBaHHBIX B MocTeqHee BpeMaA, ObIIM ONpeeeHbt 
ylapHble ayuaOaTbl KaK MHEPTHBIX, TaK HW HeEJeTOHUPYIOUIMX B3PbIBUATHIX BELLeCTB | 
(B. B.) (74). Onpezenenuve yqapHol aMaOaTbl HeLeTOHHpytoulero B. B. BOSMOXHO 
B CBA3H C TEM, 4TO JeTOHALIMA B 3apAse B.B. | 


Demin IIpH BO3eHCTBHH Ha Hero yapHOM BOJ- 
HbI BO3OyxKaercaA He Cpa3y, a Ha HeKOTO- 

150 pou ruyOvne. Buayane no 3apayy B. B. 
a pacnpocTpaHsAeTca yapHad BOHa, B KO- 
100 TOPOM IpOWCXOJHT JIMUIb HesHaMHTeMbHOE | 

, . XHMHYeCKOe IpeBpallleHHe BelllecTBa. | 

0 ' 10 is mee SuanHue yapHow afvadaTbI HeeTOHH- 
ete Pyloulero B. B. OKa3bIBaeT CYDICCTBEHHYIO | 


Puc. 1. SapucumocTh Mexny ray6unoi HOMOMb NpW W3y4eHHH MeXaHH3Ma BO3- 
BOSHUKHOBeHHA JeTOHAalH WH JlaBJlieHHeM OyKMeHuA MH ImWpoTekaHuA XHMHYeCKON 
B yapHol BoNHE peak B JeTOHAIMOHHOH BOHe. C 3TOH 
TOUKH 3peCHHA HavOOJIbLUIMH HHTepec mper- 
CTABJIAIOT CIVJIOWIHbI€ B. B., Y KOTOPBIX MJIOTHOCTb JIMUIb He3HAYHTeJIbHO OT- 
JMuaeTCA OT MAaKCHMa@JIbHOM BeJIM4uHEI. B nacTosmel padote Obima onpenenena 
ylapHad almadaTa OaMCTHTHOTO Mopoxa mapku H, BcocraB KoTOporo BXOJUT 
okow0 27 % HuTporsmMuepuna. I loTHocTbnopoxa coctapnsagal,58r/cem®. Metoquka 
SKCIEPHMEHTA NOLpPOOHO UsioxKeHa B paGoTe (°). HenocpeacTBeHHO u3MepseMmoli | 
BeJMYMHOH ABIANACh CKOPOCTh yapHOl BOMHEI B MOpoxe, KOTOpad BOs6yxK]a- 
J1aCb B3PbIBOM 3ap Aa B. B. YePe3 MeTHYy10 WlacTHHKy TomMHHON 5 MM. YapHasz 
ayuaOaTa Mequ usBecTHa (°). Tomuuna canon lOpoXa, B KOTOPOM H3MepsAJIaCb 
CKOPOCTb YapHOM BOJHBI, COCTaBIAIa 5 MM. Bpema mpoxoxjenua ylapHoit 
BOMHOM STOO CIOA MOpOXa PerHCTpHpoBaNOCb C MOMOMIbIO KATOLHOFO OCIMJVIO- | 
rpapa OK-15M co cnupabHoi paspeprKoil. 

IIpeqBapuTenbHo HaMH Opia ONpesemeHa 3aBHCHMOCTD MK LY rIyOMHOH BO3- 
HMKHOBCHHA MeTOHANMM WU [aBJICHHeM B yJlapHOl BOsHe, BXOsAllel B Tlopox. 
Piacipe itasg Lk TipeACcTaBsenbl Ha puc. 1, u3 KoToporo BHJHO, 4TO CKO- | 

WM BOJIHbI B HeeT 
He xassenns a eue aaeine shan nmopoxe H moxer OniTb ompeyeeHa | 
iii ay Chee i OlpeweeHuIo yapHow ayuaGaTbl mpelCTaBJIeHbl 
OWHOKA H3MEPCHHA CKOPOCTH yJapHOH BOJIHbI B MOpOxe 


0/ 
Pa 2%. Tip BbIuHcNeHHH JaBneHus TO MaBamO omH6Ky B 5%. 


+2 =ohim 


Ta6auuna 1 


CKopoctb yyap- MaccoBaa 
AKTHBHOe 3 Cxopoctb HOLM BOJHDbI CKOPOCTb 7lapnenne Il noTHoctb 
Bia Bes Oh» TIEN Ration : ae 4 picea : {0° bap” nmopoxa, r/cm® 
' Tporua 4,203 9680 3100 725 35 2,064. 
4,208 0700 3170 TSS Bi! 2,058 
Arlo 6060 3430 865 47 2 An 
4,405 6360 3970 985 Dy) Dnils 
1,463 6560 3760 1060 63 Pag A 
4,495 6660 3790 1095 66 Dae 
| 1,584 6930 4010 1185 76 2,244 
' TYS0/50 4,592 7400 4180 4200 96 Pp ihe) 
iGo 7600 4440 1435 102 2000 
Texkcoreu 1,655 8220 4520 1660 427 2,499 


B xoopgunatax D, U yfapHad afuaOata mopoxa H umeer cremyromee 
aHaJIMTHYeCKOe BbIParkeHue 


D = 1,760 + 1,86U (xm/cex). (2) 


IloqctaBuB 29TO 3HayeHHe B ypaBHeHHe coxpaHenna (1), nonyaum cbopmysy, 
CBA3bIBaIONLy!IO JaBsIeHHe HU MIOTHOCTb B yJapHol BowHe 


Pea i7o\2 10 ape ee Pele Y Po Th. 3 
(1,70) 10" Po te 7po— 1,88 61m = DE 
Orciojia MOXKHO HalTH MpeflesbHOe cxKaTHe TOPOXa (P/Po)maxc B YAPHOH BOMHE, 
Kora JaBsieHve CTpemMuTca K OecKoHeuHOocTH. BemnunHa (P/Po)maxc OKA3aIaCb 
pasBHot 2,16. B uccneqoBaHHoM uHTepBasie JaBnenun (35-10° — 127-10° Gap) 
ylapHaa afuadata nmopoxa H xopowio onucbiBaetcs cTemeHHOl copmyuioli 


P= 5;31-10° [(p fo) — 1) (4) 


Hatenuyio yiapHylo afuaOaTy MOKHO HCHOb30BaTb AIA OMeCHKM aBJeHHA 
WU MOTHOCTH MopoxXa B XHMMMKe JeTOHAaWHOHHOH BowHbI. Jlua astToro yapHyto 
ajMaOaTy HY2KHO IIpOSKCTpanosHpoBaTb oO Nepeceyenua c npamolH Muxespcoua 


D? = =Vo-— Ve==V ? (5) 


IA MOCTPOCHHA KOTOPOH HeOOXOAMMO 3HaTb CKOpOCTb JeTOHaWHu Nopoxa H. 
CKkopocTb eTOHAaIlHM Obluia H3MepeHa HaMH MW OKa3asacb paBHoH 7010 Mm/cek. 
B pe3yJibTaTe 9KCTpanosAWMH MomwyyeHo 3HayeHHe jlaBmeHua 312-10° Gap u 
msioTHocTH 2,64 r/cem®. Maccopaa cKopocTb nopoxa B xHMmMKe 2820 m/cek. 
JjapneHve MposxyKTOB B3pbiBa B MmockocTu Uenmena — PK yre TeToHalHou- 
HOM BOJHbI Nopoxa H coctrapaser 204-10° 6ap (*). Takum oOpa3oM, OTHO- 
mieHve JlaBJIeHHA B XMMMMKe K JaBseHHIO B MsocKocTH Uenmena — Kyre 
OKa3bIBaeTCA paBHbIM 1,53, 4TO cormacyeTcA Cc pe3yJbTaTaMH Jpyrux aBTO- 
pos (%,’). 
Wuctutyt xXHMuuecKoH (bu3HKH Tloctynusio 
Akajemuu Hayk CCCP 26 X 1960 
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CrHIPOJIOTH 7 
Il. ®. HASOH 
HEKOTOPbIE HOBbIE AHHbIE O FHAPOJIOTHYECKON POJIM 
JIECA 


(ITpedcmaeneno axademuxom B. H. Cyxauesuim 18 XI 1960) 


IIpopeqeHo nonapHoe cpaBHeHHe ToJOBoro CTOKa MaJIbIX MH CpeHHX pek 
Esponeiickoli yactu Corosa CCP c pe3KHM KOHTpacTOM B JIeCHCTOCTH 3a MMelI0- 
IMHCA TMepMOl MapaJJeNbHbIX THMPOMeTPHYeCKUX HaOMOJeHH (B cpeqHeM 
10—12 net) 18 BLInBIeHUA THAposoruuecKolt pom seca. B KaxKjoli nape Bo- 
ocOopHbie GaccelHbl pacnOJIO*KeHbl HefasleKO Apyr OT Apyra u, cuelopaTesbHO, 
YCJIOBHA OOWeMMPKYJIAWMOHHOTO XapakTepa WIA BbINaLeHHA aTMOCepHBIX 
ocaKOB MpHMepHO OfHMHAaKoBbl. Bcero Obiio coctaBseHo 88 nap. Tepputopua 
MX NIpHHalnexuT kK OacceHnam CepepHon J[Bunb, Oneru, Bepxuelt u CpeyHeli 
Bonru, Juenpa, Sanaguon J[Bunbi 4 BepxHero TeyeHus Hemana. B 44 cnyuanx 
(50% o6nlero uncua) ToJOBOH CTOK JIeCHbIX peK 3aMeTHO MIpeBbllllaJI CTOK OTHOCH- 
‘TeJIbHO Ge3JIeCHLIX (Goslee 5% CpefHeH BeMUHHEI 3a NepHO OMHOBpeMeHHbIX 
HaOsI0feHuu), OOpaTHoe 2Ke COOTHOIeHHe ObIIO TOMbKO B 24 cayuaax (27,3%). 
\Octanbubie 20 cryaaep (22,7%) aloT Koe6aHUA B Pa3Hble CTOPOHH!, He BLIXOIS- 
Mlve 3a Npefesibl TOUHOCTH H3MepeHHi (B Mpedenax 5% cpesHeh BeMMUHHBICTOKAa 
\6e3eCHBIX pek). JlocTaTouHO YeTKON 3aBHCHMOCTH Mex Ly JIeECHCTOCTHIO U. roso- 
BbIM CTOKOM, HaJIMuHe KOTOPOH TIpelMovaraslocb HEKOTOPbIMH aBTopamu (?,”,° 
He OOHApy2KeHO, HO MOCKOJIbKY 4HCJIO CIyyaeB C OTPHMATeJIbHbIM 3HAKOM Be- 
auunHEt AY (rogoBol CTOK Oe3JIeCHbIX PeK MMHYC CTOK JIeECHbIX) BJBOe OoVIbIe 
“eM C NOJIOKUTEbHLIM, MOXKHO TOBOPHTb BCe Ke O HAJIMUMM HEKOTOPOH TeHeH- 
MM K YBeJIM4YeHHIO HOPMBI rosOBOrO CTOKa MO], BJIMAHMeM JIECHOH pacTHTeJIb- 
HocTH. Kpome Toro, NocKoJIbKy HaOJNOLeHHAMNH Ha MviowlayKax HW lorax yCTaHoB- 
uieHo (1), YTO NOBePXHOCTHHI CTOK B Jlecy Topa3yO MeHbIlle, 4eM B MOue, TO HH- 
TepeceH TakxKe HM TOT (PakT, 4TO OOLee UMCJIO Cy4aeB, KOra CyYMMapHBI OObeM 
CTOKa 3a Foy, Ha JIeCHCTHIX OacceHax BbIIMe UIM MpHOJM3HTeIbHO paBeH CTOKY 
¢ GacceiHOB MasooOseceHHbIX, cocTaBiseT 73% (50,0 +.22,7). CywlectByet 
MHeHve (1-5), uTo OnarogapA ocoOLIM (u3sH4YeCKHM CBOHCTBaM JIeCHbIX MOUB H 
BeCbMa SKOHOMHOMY pacXOJOBaHHi0 Bula B Jlecy Ha CYMMapHoe HciapeHue NpH 
VBeJIHYEHHH MPOWUeHTa JIeECHCTOCTH NMpOUCXOAUT CylleCTBeHHOe yBeJIHYeHHe TO]- 
3e€MHOrO MMTaHHA peK 3a CUeT MepeBOa NOBepXHOCTHOFO CTOKa B MO3eMHBII. 
Ecjiv MovTH Mo STOMY TYTH, To JA OObACHeEHHA NpHBeeHHOH BbIlle LWUpbi Hao 
ONYCTHTb, YTO CYMMapHoe HCilapeHHe B JiIecy JeHCTBHTeJIbHO HACTOJIbKO MeHbILIe, 
4eM B Mole, a NO3eCMHOe MMTAHHe COOTBETCTBEHHO HaCTOJIbKO OOVIbile, YTO N10- 
TepA B FOAOBOH HOpMe 3a CUeT MeHbIel BeJIMYHHbI MOBEpXHOCTHOYO CTOKA IO.I- 
HOCTbIO KOMM€HCHpyeTCA BO3pacTaHHeM MOA3eMHOrO CTOKa, a MHOra Jae u 
WepeKpbiBaeTcaA uM. TeopeTH¥eCKH 3TO MaJIOBepOATHO. 

Mbt o6paTHsiuch K BHYTpHroJoBomy pacmpeyesenuio, moycuutTas sce 2112 
‘88-12 -2) cpeqHHe MeCaYHbIe BeJMYHHbI CTOKa B MUMJVIMMeTpaX CJIOA BOJBI. 
Pe3yJIbTaTbI OCBEMLaIOT POJIb Jleca COBepWIeHHO NO-MHOMy. OcHOoBHad TpHunHa 
SOM2KeHHA CpeHUX BeJIMYMH TOJOBOTO CTOKA peK C pe3KHM KOHTPaCTOM B Jle- 
*HCTOCTH OKa3aslacb B CJIe{yIOUleM HeOKHAAHHOM (akTe: HECMOTPA Ha TO, 4TO 
1OBepXHOCTHBIi CTOK B JleCy Topa3o MeHbIle, YeM B NO, Mex Jy OObeMOM Be- 
‘eHHETO CTOKA OTHOCHTeVIbHO Oe3JICCHBIX H JICCHBIX PeK He CyllecTByeT OCoOoH pa3- 
mul. Sa BeceHHHe MeCAUbI (alpesb — uioHb Ha CeBepHoh JIipuHe, Onere u 
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Barke, ampeb u Mai Ha Boure u Oke, MapT M anpewb Ha SanagHoi [[puue, 
Hemaue u J[nenpe) 8 70% caty4aeB CTOK JIECHBIX peK ObIJI OO/IbIe WIM MpakTH4ye- 
CKH paBeH CTOKy Ge3siecHbIx, a B 81% Ooubile, paBeH HJM, eCJIM MeHbIlle, TO B 
mipegeax 10% HopMbl. Takoli Ke pesyJIbTAaT MOJyUJICA H 3a OCeHHHM NepHoy 
(75 uv 80%), HO AA CONMKeEHUA CpeJHUX BeJMYMH TOAOBOTO CTOKa 9TO HMeeT 
MeHbee 3HadeHHe, TAK KaK OCeHHHe MaBOAKH B 2—3 pa3a HMKe BeECeHHUX. 3a 
JI@THIOIO MexKeHb (MIOJIb H aBryCT) ABHOFO NpeoO/alaHHA 3HakKa IOC WIM MMHYC 
B BemHuMHe Ay He HaOmosaeTcA, B 59% CyuaeB JIeTHHH CTOK Ha JICCHBIX peKax 
Obit Gombe, a B 41% Cuy4aeB NOy4NOCch OOpaTHoe. YcTaHOBJIeHO MO Fufpo- 
rpadbaM, 4TO STOT pesyJIbTaT CBA3aH MIpeHMyleCTBeHHO C JIeTHHMH NaBOKaMu. 
Vi He XapaKTepH3yeT MOASeMHOe MMTAaHHe pek, KaK IpefNoMaradu paubille Apy- 
rue aBTopbl. OToOpas 46 nmap Oacceli- 
be HOB C psyom Gosee 10 set, Mbl CpaBHH- 
JIM JIMb Wadpy MHHHMaJJIbHOrO CTOKa 
3a MlepHO, OMHOBpeMeHHEIX HaGJIOLeHHH. 
Tloutn B 77% cay4aeB 3a JIETHIOIO Me- 
2>KeHb MHMHHM@JIbHbIM MeCAYHBIM CTOK Ha 
ay JICCHBIX peKaX OKa3aJICAH OovIbUe, 4eM 
P Ha Oe3JIeCHBIX, IpeHMYULeCTBEHHO B IOJI- 
Topa, a HHOra H B Ba pa3a, HO TIO 
aOcOJIIOTHOMy 3HaUeHHIO §©6 BeJIMUHHA 
Aymun C MMHYCOM Yallle BCero He BbIXO- 
yuua 3a mpesembt 5—10 mM. 

IlonbitkKa mpecTaBuTb B UTOrOBOM 
Bue MaTepHaJI 10 BCemM 88 OacceHHaM 
TIpHBesia K HeOOXOAHMOCTH crpynnHpo- 
BaTb HX IO OTJ@JIbHBIM pahouaM H NoL- 

Mira myvVumMmes a CYHTaTb B K@KIOM paloHe  oOIILy!0 
Puc. 1. Pa3sHocTb MexKy Me€CAYHBIM CTOKOM peice pai ee eR mas1006J1e~ 
Ges IeCHEIX H JIecHBIX pek (Ay) m0 pationy CeHHBIXM OTACJIbBHO —— C JCCHCTBIX PeK 
Ne 4 (B MMsINIMMeTpax COA BOB!) («6e3uIecHbIe H JIeCHbIe IIPOCTpaHCTBa», 
Tao. 1). B oqHy HM Ty Ke rpymny Bxo- 
J\MJIM OacceHHbI C He COBCeEM OJMHAKOBBIM 
MepHOAOM HaGsHOeHHH, MOSTOMY aHHble TAG. 1 He BIOJIHe TOUHO COOTBETCTBYIOT 
TIPHBeJeHHbIM Bbillie BbIGopKaM. Ilo BceM palioHaM TOMOBOH CTOK C JIeCHBIX 
TIPOCTPaHCTB OKa3aJICA OOVIbIe, YEM C Oe3JIECHBIX, H elle Ooulee pe3KO MoAYepK- 
HYTbIM — BbIBOJ, O BeCeHHeM OObeMe CTOKa. CTOK 3a BECeHHHEe MECALbI Bese H 
JI@CHBIX PeKaX HJIM OOJIbIe, YEM Ha Oe3JICCHbIX, HJIM MOUTH paBeH emy (alpeJb 
WIOHb B 1-M HM 2-M paHoHax, anpeJib — Mali — B 3-mM u 4-M, MapT — Maw — 
5-m, 6-m u 7-M). YBesIMYeHHe MAHHMAJIbHOrO CTOKA, Mo MocweqHeH rpade Tabs. | 
cocTaBuiseT oT 50 o 80% mo OTHOWeHHIO K Oe3JIeCHbIM IpOCTpaHCcTBaM, 4TO HMee 
BaxKHOe BOAOOXpaHHOe 3HaYeHHe, HO MO OTHOLWICHHIO K pa3MepaM ToJOBOr 
cToKa lipHOaBka HeBesIHKa. Puc. | ACHO NoKa3biBaeT, KaK CYMMHpPyeTCA BeJIH 
unHa AY w 3a CueT Yer OHA JEHCTBHTEJIbHO MOKET MMETb B UTOFe 3HAK MUHYC. 
B JaHHom palione X Ay 3a 3HMy, BO3MO%KHO 3a C4¥eT MOBbIIMeHHOTO MOA3eMHOrC 
TIMTaHHA, Oba paBHa — 4,5 mM. B mapTe ona CoKpaTHacb Jo —2,4 MM 3a cue 
Oovlee paHHero HavaJia NOBepXHOCTHOTO CTOKa Ha Oe3sleCHbIX pekax. AnpeubCKHy 
CTOK (OCHOBHAA BOJIHA MOJIOBOAbA) Ha Oe3JIeECHbIX peKAX OKA3aJICA GosbIe BCErC 
JHiIb Ha 11 mM, uu Ha 11,1%, a B Mae Jae MeHbue Ha 15, 7 mM. B esloM CTOK 
BeCe€HHHX MeCALeB OOJIbIWe TOJIbKO Ha 4,7 MM. IlostTomy & Ay, MOCTHTrHYyB 3a all’ 
peslb BesM4MHbI +8,5 MM, MCHACT B Mae 3HaK CHOBA Ha OTPHUaTe/IbHbIM. B Lasib 
HeHIeM Ip 3HaKe MHHYC MpOHCXOJUT HOUTH HEYKJOHHOe yBeM4eHHe aOCOMIOT 
HOFO 3HaveHHA BesMUnHBI & Ay MB WeJIOM 3a TOMCTOK JI@ECHBIX peK OKAa3bIBaeTCs 
B CpeflHeM Oovbule Ha 21 mm (SAy = AY). 

KomileKcHble rpapuku THApoMeTeoposIOrMyecKUX 3JIEMeHTOB HO peka 
Mexa, Mocxsa u [Hemp cBu,eTesbCTBYIOT O TOM, UTO OTPHILATeIbHbIe 3HAYeEHUS 
BeIM4HH Ay 3a HIOHb, OKTAOPb MU HOAOPb B 3HAYMTeEJIbHOH Mepe CBASAHBI C 10%K 
A€BbIMH NaBOAKaMU, KOTOPble pe3KO BbICTYMaloT 6ovlee YEM Ha MOJIOBHHE BCeX 110 
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CTpoeHHBIX rugporpados. To xe OTHOCHTCA HM K MaHCKMM NaBOJKaM, HO Hao 
MMeTb B BHAY, YTO B TeX CJy4aAX, KOPa OHM MOMKATCA HA KPMBy!O Cliafla BeceH- 
Hero MOJIOBOJbA, B HUX, KAK H B CaMOM MOJOBOAbe, MO*KET ObITh NOBbIMEHHAA 
10 CpaBHeHHO C 3HMOM AOA NOA3eEMHOFO NMTAHHA. <OxKUBAaIOT» PHApaEsuyeckH 
He CBASAHHble C peKOM HCTOUHHKH, H NpM HeKOTOPbIX YCJIOBHAX MpOuCXOAAT 
mojlaya BOAbI, HAKONJCHHOH BHYTpM MOYBeHHOFO CJIOA, Ha ropusonTe Bu B MpH- 
moBepXHocTHOH uacTH. Macuita6 sToro ABJIeHHA B Jiecy H B Nose ellle MpelCTOHT 
OmpelesIMTb, HO BHE 3aBHCHMOCTH OT pa3sMepOB MOMOOHOTO MMTaHHA OHO He MO- 
KeT ObITb MPHYHCJIEHO K OCHOBHOMY IOJ3eMHOMY CTOKY, TaK Kak YBeJIM4HBaeT 
BOJHOCTb PeK He B JICTHIOIO HU3KY!0 MeXKeHb, a BECHOH, BKJOUAACh B MOJIOBOAbe 
CpeMHHX WH KpyMHbIX peKk. XO3AHCTBeHHOe SHAaYeHHe e€FO MOXKET ObITb KaK MOJO- 
XKUTCJIBHbIM, TAK HM OTPHIUaTeJIbHbIM, B SABHCHMOCTH OT NpOeKTa HCHO/Mb3OBaHHA 
aHHOHW pekH. 

Takum O6pa30M, HeECOOTBETCTBHe MeKLY MOHMKCHHbIM MOBEPXHOCTHBIM CTO- 
KOM B Jlecy HM BbICOKHM 3Ha¥eHHeM FOOBOFO CTOKA JIeCHbIX PeK 3aCTABJIAeT M0- 
HOBOMY OObACHHTb HEKOTOPble CTOPOHbI FHApPOJIOFHyeCKOH POJIM Jieca, HO B TO Ke 
BP€MS BHOBb MOATBepKaeTCA €FO MOJORUTeMbHOe BOMOPery Up yiowlee U BOAO- 
xpaHHoe sHavenve. BecenHuli CTOK Ha JI@CHBIX PpeKaX MOET ObITh TAaKMM Ke, 
Kak H Ha Oe3/IeCHbIX, Aa HHOFa JlaxKe MH OOJIbIMe, HO OU€Hb BaXKHO, YTO NOMOBOAbE 
Ooulee pacTAHYTO MO BpeMeHH M THK ero 3HauNTebHO HHxKe. EcTb ocHOBaHMe 
mpeAnoaraTb, YTO MpHunHa Oo/bWOrO BeCeHHEFO CTOKA JIECHbIX PeK, MOMHMO 
cKa3aHHOrO yKe OO yBeJIMYeHHH NOASeCMHOrO MMTaHHA Ha Case MOMOBOAbA, 
COCTOHT ellie B JeHCTBHM CJlIely!ouluX (akTOpOB: a) yYBeIM4eHHe KOJIMYECTBA AT- 
MCC(epHbIX OCAKOB B JIECHBIX paHOHAX KaK Haj, CaMHM JIeECOM, TaK M Ha MpHuie- 
ra1oulux MoAx; 6) pocT KosPpuUNeHTa NOBeEPXHOCTHO"O CTOKA OesJIeCHbIX 4YacTeh 
BOACChoOpa pH yBeJIMYeHHN MpOleHTa JIeCUCTOCTH; B) Oolee BHICOKHH B Jecy Ko- 
3PDuUMEHT CTOKA KHAKUX OCAXKOB, Bbillaaoulux Mocwe CXofa CHeXKHOrO T0- 
KpOBa B Moule; fF) Ooulee BLICOKHH, B CBOIO O4epeb, KOSMPHUMEHT NOBeEpXHOCT- 
HOFO CTOKA JO*KMeBbIX BOA C NOWIeH, OKPY2KCHHbIX JIECaMH, IO CPaBHEHHIO C OoOVIb- 
WIMMH OTKPbITbIMA MPOCTPaHCTBaMH OTHOCHTeIbHO Oe3JIECHbIX BOJOCOOpoOB; 
A) MpeqoxpaHeHve CHEXKHEIX 3aMacoB Ha MOJAX, OKPyKeHHbIX JIeCaMH, OT pa3-} 
BeBaHHA H NepeHoca Ha 3HAUHTeJIbHbIe PACCTOAHHA WU BbICOKMH NOBepXHOCTHBIA 
CTOK C JIECHBIX ONyuleK. OTMeyeHHOe YBeJIHYeHHeE MpOMOJKUTeMbHOCTH MOJIO- 
BOJ[bA BMeCTe C (akTOM BO3PaCTaHHA HOASEMHOFO CTOKAa Ha JICCHBIX peKax! 
BHOBb IOATBepxKaeT OarOTBOPHOe BJIMAHHe JIECOB Ha pexKHM Pe4HOFO CTOKA. 

Pes3yJIbTaTEI BbINOJIHEHHOFO HCCJieLOBaHHA JOJOKHbI ObITb MpOBepeHbl aHaJo- 
FHUHbIM COMOCTABJICHHeM JICCHEIX HU Oe3JIeCHbIX PeK, HO C Jl€TaJIbHbIM aHaJIM30M 
Bcex (H3HKO-reorpauyeckHX YCJIOBHH, KOTOPble MOMHMO JIECHCTOCTH MOFryT 
BJIMATb Ha CTOK. [lpu STOM BbIACHAeTCA TakxKe, KaKHe H3 Ha3BaHHbIX Bbillle (bak- 
TOPOB ABJIAIOTCH PeEUWIAIONUMH IA yBeJIMYeHHA OObeEMa MOJOBOAbA Ha JIECHbIX 
pekax. 


WucrutyTt seca H ApeBecHHbt Hoerynnno 
CuOupckoro orgenenua Akagemuu wayk CCCP 17 XI 1960 
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l FEOJIOTHA 


C. M, AHJJPOHOB 


O BO3SPACTE HUPEHAbIKCKOM CBHTbI BOCTOUHOFO CKJIOHA 
tOWKHOFO YPAJIA 


(IT pedcmaeaexo axademuxom H. M. Cmpaxoeoim 1 XII 1960) 


| Paspes naneo30HcKHx OTJOxKeHHH BOCTOUHOrO cKyIOHa TOxKHoro Ypasa Ha- 
4MHACTCA MOULHOH TOJIMeH BYyJIKaHOreHHbIX NOPO — MHPOKCeHOBLIMH, MHPOK- 
SeH-IIarHOKJIa30BbIMU, pexkKe AHa6a30BbIMH, pOrOBOOOMaHKOBbIMA NOpuputTamy, 
WaBOBLIMH OpeKuHAmH KH Tycdamu. Bote 9TH NOPOAb! CMeHAIOTCA WHabazamu, WHa- 
5a30BbIMH NMOp*upHTaMH, CIHJIHTAMM, albOMTO*UPaMH, KBapleBbIMH aJIbOUTO- 
ibupamMu WM UX Tydamu, NepecsauBaroulMMucA C NpociosMu TyduToB, AWIM u 
A3BeCTHAKOB. Ele Bblille 3aneraioT Ty@DUTHI, ALWIMbI H KPeMHHCTbIe CJIaHILBbI. 
fi. C. JIn6posuy (*) npeanoxua Ana STO MoulHOH (He MeHee 2000 m) TosM Mo- 
DOM Ha3BaHHe HpeHALIKCKOM CBUTbI. CBuTa NospasfeseTcA Ha 3 NOCBUTHI: 
KPbIKTHHCKYIO, KapaMaJIbITAWICKYIO H OyTyVIbIrbipcKyto. 

BowpuimuctBo uccueqoBatesen (?~°) oTHOCAT HPCHAbIKCKY!O CBHTY K H¥KHe- 
My J@BOHY, JOMyCKad BOSMOMKHOCTL CHJIYPHUCKO"O BO3PaCTa TOJIbKO [JIA CaMbIXx 
HW2KHUX €€ TOPH3OHTOB, a HEKOTOpble TeOMOFH CUNTAIOT BO3MOXKHbIM FOBOPUTb 
fae 06 9%cembCKOM Bo3pactTe CpeHeH MH BepxXHel MoscBuT. Orcioza cylelyerT 
3bIBOL, CUMTAIOMMHCA Ceu4ac OeCcCNOpHIM, 4TO Ha Ypasie JEBOHCKAaA 30Xa O3HA- 
MCHOBANaACb MOULHbIM MOJBOJHbIM MOKPOBHBIM BYJIKAHH3MOM, IIPHBeMIIHM K Ha- 
KOMJIeCHHIO MOULHbIX TON, sdby3HBHBIX MOpox pa3siMuHoro coctaBa. IIpu 9Tom 
iBTOPbI CCbIWa!OTCH Ha HAXOAKM AeBOHCKOH ayHb! (KOOeH— seb) B JIMH- 
saX H3BECTHAKOB, BCTPe4AIOWHXCA CpeAM NOJIA PasBHTHA BYJIKAHOFeHHbIX MOpog 
IPeHALIKCKOH CBUTbI. OTAX MeCT HEMHOLO, OHH ObIIM OMHCaHbI B CBOe BpeMsA 
3-8) Wc TeX MOP CCHIIKM Ha 3TH HaXOJKH cbayHbi MepeXOAAT M3 OAHOM CTaTbH 
} Apyrylo Kak TOfTBepxKeHHe JeBOHCKOFO BO3PaCTa HPeHALIKCKOH CBHTHI. 

MuorosieTHHe HCCJIeOBaHHA, IIpOBeeHHble HAMM, NO3BOJIAIOT CTABHTb BO- 
tpoc 0 MepecmoTpe 2TUX NpescTaBeHuk. Kak BLISCHHJIOCb, OTOXKeHUA C Cay- 
{Oli JeBOHAa BO BCeX CMy4aAX 3asleraloT BbILIe HPCHALIKCKOM CBHTHI, a B H3BeCT- 
[ikaX MW AIMaX, 3aJleralollHX BHYTPH MOpO CBUTbI, BCTpedaeTCA TOJIbKO CHJY- 
wiickasd cdbayHa. Takum o6pa30M, HpeHAbIKCKad CBHTa ApeBHee AeBOHa MH NOJDK- 
1a ObITb OTHECeHA K CHUIypy. 

PaccMoTpHM uMelollvecd (akTol. 

B Koc-Mctexcxom patione KoOuenu-aidebcKHe H3BeCTHAKM C Karpinskia 
onjugula Tschern., Theodossia superba Eichw. uCarinatina arimaspa Eichw. 
|auleraioT Cpe KOHTOMepaToB WaHAMHCKON cBuTHI. [lo qanHpim I’. HW. Bogo- 
ve30Ba HW X. C. Posman ('), 3Ta CBUTa COMep2XKUT HESHAYHTeJIbHOe KOJIM4eECTBO 
(OKpOBOB Sctpy3HBoOB H MepeKpbiBaeTca sdy3HBaMu HW KOHTIOMepaTaMu YaHuap- 
KOH CBHTLI, OTHOCHMOH aBTOpaMu K BepxHemy 9iidemo. Hauim uccieqopanua 
(Oka3asIM, UTO WIaHAMACKaA CBUTa He COJep2xKUT NOKpOBOB 9Ppy3HBoB, a CNH- 
MT-KepatodupoBble TOM YaHYapCKOM CBHTbI He MOKPbIBalOT IWaHAMHCKy1O 
IBUTY, a 3asleraioT H¥XKe Hee H ABJIAIOTCA BePXHHM KOMILJIEKCOM CHJIypHiicKon 
‘YAKaHOreHHOM TOMUM, MOACTHIAaIONlel WaH,MHCKYIO CBUTY. Ora cusypulickan 
iONMLa COAep2XKUT B OCHOBaHHH yIvIMCTO-KPeMHHCTHle CJIaHIUbI C JaHAOBepHlicKo- 
‘WHJIOKCKUMM TpanToMTaMH, a B BepXHeH YaCTH — AYAOBCKHe OpaxuonosH. 
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IlangquncKyto ToOJILy KOHTIOMepaTOB NepeKpbIBalOT KOHTOMepaTbl HM OpeK- 
YM aliTnalicKkoro ropH3o0HTa ((paHcKHH Apyc), BBepX MoO pa3spesy MocTeneHHO 
MepexoJAllve B KP€MHUCTO-TAMHHCTbIe MOpOAb! ereHAMHCKOrO (MyKaCcoBCKOrO) 
ropusonta. Bo MHOrHXx CJly4aAX pa3feNMTb KOHTIOMepaTOBble TOJINA WaHMH- 
CKO CBHTbI HM aliTmaiicKoro TOpH30HTa ObIBaeT TPYAHO, a WHOA HEBOSMOMHO. 
BcwleqcTBHe STOFO MbI OOBINHO BCTpeuaeM B KOHTIOMepaTax, 3aJleraloluux MexKAYy 
CHJIypHiicKuMu Sdpy3HBaMu HW ereHJMHCKHMH KPeMHHCTbIMH NOposaMu B Mepeot- 
JIOXKCHHOM Be, Kak JidesbCKy!O, TaK MW XKHBETCKYIO *ayHy. 

Oco6eHHO IIMpOKO H3BeCTHEI BbIXOJb KOOJeHI-9iebCKAX M3BeCTHAKOB Ha’ 
6eperax p. Tanaabik, y Nep. AduspKuHo (['aquneso), B 80 km tomuee r. Cuan, 
ryle OHM BHepBble Obi onucanbl JI. C. JIm6posnuem (*) 4 oTHeCeHbI MM K HAXKHEMY 
eBoHy. OH OTMeTHJI, YTO H3BECTHAKH 3auleraloT Cpelu 2PpPy3HBHO-TyPoBow TOJ- 
IM «BeECbMa OJIHM3KO OT BbIXOAOB AIM, COOTBETCTBYIONINX MO MpOCcTHpaHHto AILI- 
Mam 6yrysbIrbipcKoli noycBuTb. Pa6otasmiuii B 9Tom palione A. [letpenKo(") 
BbICKA3bIBaJl MHe€HHe, YTO H3BECTHAKH 3aJleraloT HemocpescTBeHHO NOX Oyry- 
JIPbIPCKHMH suMaMH. Tlo3qHee sToT pation usyyan I. VW. Kupuuenxo (°), ko- 
TOpblii Mpuie K BbIBOAY, YTO ALIMEI y AQHAbKHHO He COOTBeTCTBYIOT OyryIbI- 
TbIPCKHUM SIMMaM, a MpeACTaBJIAIOT COOOM YACTHYHO WJM MOJIHOCTbIO MeTacOMa- 
THUCCKH H3MCHEHHbI€ H3BECTHAKH, MpeBpallleHHble B TeMaTHTH3HpOBaHHble AW- 
MOKBapwHTH. OHakO 3TH COBePLIeHHO CMpaBeAIMBble BbIBOALI OCTAJIMCb He3a-| 
MCUCHHLIMH,M B JIMTepaType NpOAOKasO TOCNOACTBOBaTb MHeHHe, 4TO TaHaJIbIK- 
CKHe H3BeCTHAKH HAH BKJNIOUAIOTCA B OYTYJIbIFLIPCKy!IO MOACBUTY, HH MOACTH- 
dart ee. Ha 3TOM OcCHOBaHHH OyryJIbIrbipCKHe AWIMbI OTHOCAT K 9Hewo, a 
nofcTunmaroue UX appy3HBbl — K HH>KHeMy JeBouy. 

JleTaibHoe W3y4eHue CTpaTHrpapuyeckoro NOOMKCHUA TaHabIKCKUX U3BeCT- 
HAKOB HM HX B3aMMOOTHOLUICHHH C ALIMAMH, MpoBeseHHoe Hamu B 1958—1960 rr., 
MO3BOIAeT NOMHOCTbIO NoAepxKaTb TouKy 3penua [. MW. Kupwuenko. Tanaapik- 
CKHe H3BeCTHAKH YaCTHYHO WIM MOMHOCTbIO 3aMelllaloTCcaA KBaplleM HW reMaTATOM 
WM MipeppatlaioTca B KpaCHble HeCJIOHCTbIe ALIMOKBapUAThI, cosep Katine 6o- 
ratyio dbayHy, M3 KOTOPOH yAaloch onpeseMTb CeRylollwe Bub: Carinati- 
na arimaspa Eichw., C. signifera Schnurr., C. arimaspa Eichw. var. mi- 
nor Nik., C. paradoxa Scupin, Atrypa kolymensis Nal., A. ex. gr. reti-| 
cularis Linn., Gypidula moldawanzewi Andronow, G. ivdelensis Khod.,; 
Cyrtina heteroclyta Defr., Chonetes verneuili Barr., Spirifer sp., Platyceras 
sp. TouwHo Takoli %e KOMMeKC @ayHbl Obl coOpaH H 43 pacmouomKeH- 
HbIX PAIOM HCH3MCHCHHbIX H3BeECTHAKOB, NpH4eM Mexky STHMA H3BeECTHAKAMH 
M BTOPHUYHLIMH SLUMaMH HaGJOMaloTCA NMOCTeneHHbIe mepexojbl. OgHako 3TH 
BTOPHUHbIe ALIMbI He HMeIOT HHYero OOWero C ALIMAaMH OyryvJbIrbIpcKoH mos- 
CBUTLI, KOTOpbie B STOM y4acTKe OTCYTCTBYIOT. TaHambIKCKHe M3BeCTHAKH 3avle- 
PaloT HecorsacHo, C KOHTVIOMepaToM B OCHOBaHHH, Ha Oovlee ApeBHUX OTIOKCHHAX, 
MIpeCACTaBJICHHLIX TeMaTHTH3MpOBaHHbIMH MHHaJieKaMeHHbIMH CHMIMTaMH Ka- 
paMaJIbITaLICKOH MOACBUTHI. 

Takum o6pa30m, W3y4eHve paliona A. AXWbKHHO MOKa3bIBaeT, 4TO TaHa- 
JIbIKCKNe H3BECTHAKH C KOONeHU-SHPeibcKOH (ayHoH 3aseraioT He BHYTPH ByYJI- 
KaHOPeHHBIX TOIL HPCHALIKCKOM CBUTHI, a BbILe HAX H HAKAKUM OOpa3oM He MOryT 
CBHUeTeJIbCTBOBaTb O ACBOHCKOM BOSpacTe KapaMaJIbITAICKOM MOACBUTHI HM Oy- 
PYJIbIPbIPCKHX SIIM. 

Crelytoulad TOUKa HaXONOK H3BeCTHAKOB C (bayHo AeBona HaxoguTca B 2,5— 
3 KM toro-3anajHee noc. Mancyposo (BaxtTuropeeso) (Bp 20—25 xm 1oro-3anaquee 
r. CuOax). 3yecb B U3BECTKOBNCTBIX KOHTIOMepaTax M MecuaHuKaXx Cc peKHMH 
MpOCJIOAMH W3BeCTHAKOB OplM Haliqenbi: Gypidula ivdelensis Khod., Carina- 
tina arimaspa Eichw., Atrypa kolymensis Nal., Camarotoechia pseudolivoni- 
ca Barr.,— rosopstive o KoOvIeHU-siipenbCKOM Bo3pacTe BMelLalollUx MOpod. | 
[IpociexkuBas STOT PopH3OHT Ha CeBep, y Moc. DalizymuHo yaaeTCA BUeTb, Kak 
KOHTJIOMepaTbl MOCTeMeHHO MepexOAAT C KapaMaJIbITALICKUX MHHJaJleKaMeHHBIX 
TeMaTHTH3MPOBAHHbIX CHWJIMTOB Ha Cypry4HO-KpacHble AIUIMbI OyryJbIrbIpCKoH 
NOACBUTLI. B cBoro oYepedb, ITH ALIMbI TeCHeliluM O6pa3oM, 6e3 KaKHXx-sH60 
M€pePbIBOB, CBASAHbI C HUAKEeKAalMMU CMMINT-abOUTOPUpOBLIMH NoposamMu: 
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apaMaJIBITALICKOH NoACBuTEI. Takum OOpa3om, M 3feCb OyryAHITbIpCKve ALIMbI 
OKaSbIBaIOTCA JIpeBHee MOpOA C KOONeHH-sidenbcKon cayHoi. 
i HeBouIbHO BO3HHKaeT BOMpOc, KakOM 2Ke BOSPaCT OYTyJbIPIPCKOH MOACBUTEI 

ee CTpaTOTHNMYeCKOM pa3spese? Bnepsbie STOT ALIMOBbIM TOPH3OHT ObII BbIe- 
men JI. C. JIu6posuyem (*) nar. Byryauirsip (B 12—15 x toro-3anaguee r. Cu- 
bax), OT KOTOpOH HM NMowyunA cBoe HasBaHue. JI. C. JIn6posu4 pe3KkO OTAeJIH 
OyryJIbIrbIpCKOrO FOpH30HTa OT MepeKpbiBalolleli HX ysyTaycKoH Tos 

BKJIOUM B MpeHAbIKCKy10 CBUTY. JleTasibHoe H3y4eHHe OOHaxKeHuH Har. By- 
FyJbITbIp, MpOBeeHHOe HAMM B TeveHHe psa JeT, MOKa3a/10, 4TO OyryuIbIrbIp- 
ekHe sLIMbl TeCHO CBASAHbI C MOACTHAIOWIMMH MX NOpOAaMH KapaMaJbITALICKo! 
MOACBUTEI, a BbIllle HUX C MepepblBOM 3aseraioT KOHTvIOMepaTbI, Coseprxalllue 
payny KOOJICHL-SienbcKoro sApyca. Takum o6pa3om, H B palione pacnosoxe- 
HUA CTpaTOTHMH4eCKOro paspe3a OyryJIbITbIPCKOM MOACBUTLI HET HUKAKHX OCHO- 
Bannii (JIA OTHECEHMA ee K JeBOHY. 

Ilpocnexusaa No NpocTupanuio K CeBepy 4H Tory oT fr. Byrywbirbip KOHTAaKT 
HIM WH NepeKpbIBalOUlMX OTOKeHUM, YAalOCb YCTaHOBMTb, YTO KOHTOMepaTDl 
HY2KHUX POPHSOHTOB y/lyTayCKOH CBHTbI MOBCIOAY 3asleraloT C pe3KUM pa3MbIBOM 
Ga OyFyJIbIrbIpCKUX ALUMAX, Ha MOACTHMAIOUMX MX, BYJIKAHOFeHHIX Noposax 

apaMaJIbITaWICKOH MOACBUTbI, a Ha BOCTOUHOM Gepery 03. Banuoro, 61u3 Ky- 
ZMMOBCKOPO MapraHileBoro MeCTOPOKAeCHHA, H HA Pa3MbITOM MOBepXHOCTH KOO- 
MeHU-2idebCKUX H3BECTHAKOB, KOTOPble, B CBOIO OYepeslb, 3aleraloT TakxKe 
2 pa3MbIBOM Ha OYTyJIbIFbIPCKHX AlIMaXx. SeCb B H3BECTHAKAX Obla BCTpeyeHa 
adamu dayna: Spirifer superbus Eichw., Atrypa kolymensis Nal., Atrypa ex 
ar. reticularis Linn., Gypidula ivdelensis Khod., Carinatina arimaspa Eichw. 
Sieberella ex gr. sieberi Buch., Chonetes verneuili Barr., Stropheodonta 
wagranica Eichw., Str. stephani Barr. B KoHrvioMepaTax HHMxKHeH “acTH 
yalyTayCKOM CBUTHI, OOHaxKalollMxca B 1,5 kM CeBepo-3amaHee noc. lajenbuin, 
SbIIM BCTpeYeHbI OOWJIbHbIe OCTATKH KPHHOHAeH WH HECKOJIbKO IK3eMIVIAPOB Ca- 
tinatina arimaspa Eichw. Haxogaku JeBonckol dayHbl B HHXKHUX TOPH3OHTaXx 
yyTayCKOH CBUTbI H3BeCTHbI H BO MHOFHX ApyruX MecTax. 

Tloka3aTeibHO, 4YTO Cpequ sdpy3HBHLIX HW TY*POreHHbIX NMOPOA HPeHALIKCKOli 
2BUTbI U3peAKa BCTPevalOTCA HECOMHEHHO OJHOBO3PaCTHble ef MpOCJIOH H JIMHSbI 
A3BeCTHAKOB, KOTOPble COJepKaT OCTATKH (hayHbl CyHleCTBeHHO HHOFO OGHKA. 
Tak, B paiione r. Opcka B KpeMHHCTHIX MOposax CaKMAaPCKOM CBHUTbI H3BeCTHBI 
MHOFOUNCJICHHbIe HAXOAKH JIAHOBePHHCKO-yMHJIOKCKHX TpanTouHToB (7, *). 
B Tom Ke paHoue, Ha siepom Oepery p. Cyxoi Ty6epsam, B 2 km K BOCTOKYy OT 
qep. MuiKHHuHO, B JIHH3e H3BECTHAKOB, NepeKPbIBalOUMX BYJIKaHOreHHbIH KOMII- 
fleKC HpeHAbIKCKol cBuTEI, E. B. Botinosoki (?) Obl O6Hapyxenb! ocTaTKH Plekt- 
atrypa cf. marginalis Dalm., Atrypa cf. comata Barr., Sieberella ex gr. sieberi 
Barr. (BepxXH JIlyA10y H, BOSMOXKHO, OCHOBaHHe 2KeAHHa). B A63ennsoBcKoM paiio- 
He B OKPeCTHOCTAX 03. Y3yHKyb Opin BcTpeyenpi (°) Atrypa cf. flabellata var. 
prunulum Gort. u Plektatrypa (?) aff. marginaloides Nal. K coxamnenuto, 9TH 
popMal He MO3BOIAIOT TOUHO JaTMpOBaTb BOSpacT cosepKallux UX Mopox. Ee 
eBepHee, B Y ¥aJIMHCKOM paiioue, B OKpecTHocTAx c. BosnecenKu, O. A. Hectos- 
HOBOH (°,°) B MpaMOpH8OBaHHbIX H3BECTHAKAX, MepecavBalolluxcA C KPeMHHC- 
FLIMH ClaHaMi MW Juaba3samiu, Obl BCTpeyeH KOMIWIeKC (ayHb!, CBHAeTe/IbCTBYIO- 
TMH O HECOMHEHHOM JIYAJOBCKOM BO3pacTe B3aKJIOUAIOWINX UX NMopok. Slecb 
SbIIM OMpexenent: Plektatrypa marginalis Dalm., Gypidula olga Khod., Un- 
tinulina berenice Barr., Ambocoelia praecox Kozl., Camarotoechia nucula 
30w., Camarotoechia carens Barr., Spirifer (Crispella) orphanus Kozl., Mur- 
thisonia aff. demidoffi Vern., Atrypa granulifera Barr., Anastrophia magni- 
li¢a Kozl., Conchidium biloculare Linn. 

} Vis usnoxKeHHbIX MaTepHaJIOB BUAHO, UTO (ayHa, COOpanHaA U3 MHS U3BeCT- 
AAKOB, 3asleraroulux CpelM HpeHALIKCKOM CBHTbI, BCerfa H BCeMH ONpesesr mach 
ak CHlypuilickas, a BCe HAXOJKH KOOMeCHI-SHPeIbCKO WIM S@ebCKOM PayHbl 
PHYpOWeHLI TOKO K OTIOMKCHHAM, 3aeFalOllHM HeECOrlacHO WH C MepepbiBOM 
OyTyJbITbIPCKUX AUIM MW MOACTUMAIOULMX HX sddpy3suBoB. CyAA No aHHbIM 
a9 cocesHHX palonoB Ypaua, MepepbiB B OCHOBaHHH JeBOHCKHX OTJOKeHuH 
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OXBATHIBAe€T BEPXHIOIO MOJIOBHHY XK€AHHCKOFO H HHKHIOIO NOJIOBHHY KOOJIeHIL- 
ckoro spycoB. Takum o6pa30M, H KapaMmaJipiTauicKue oy3uBpl, W OyryAbIrbip- 
CKMe ALIMbI CuleqyeT CUMTATb CHJIYpHHCKMMH. 


TeosoruuecKHH HHCTHTYT ToctynHsto 
AxayemuH Hayk CCCP 30 XI 1960 


UMTHPOBAHHAA JIMTEPATYPA 


1T. YW. Bonopesos, X.C. Po3maun, C6opu. Matep. no reo. H mole3H. HCK. 
}Oxnoro Ypana, B. 1, M., 1956. # E. B. Bottnosa uu gp., Peonoruueckoe crpoenne 
Opcko-XasusiopcKoro paliona, M., 1941. 37. UW. Kupuueunxo, Tp. Lextp. nayauo- 
HCCJI. reOvl.-pa3sB. HucT., B. 122 (1940). 4 JI. C. JIun6posBuuy4, Tp. lWentp. xayuno-ncca. 
reol.-pa3B. vucr., B. 81 (1936). ®O. A. Hectrosauosa, Marep. no reo. 4 mo7e3sH. 
vcexon. [OxxHoro Ypasa, B. 2, 1960. ®O. A. HecetTosauHuosa, Cos. reo, Ne 11 (1959). 
7A. Tletpeuko, Tp. la. reon.-pass. yap. HKIMT CCCP, s. 250 (1932). * B. C.. Wap @- 
MaH, Cos. reom., Ne 8 (1959). 
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v 
5 Jloxrnagnm Akanemuun nayr CCCP 
i 1961. Tom 137, Ne 4 


FEOJOrHA 
UW. MW. BYSHKOB wu usen-Koppecnonzent AH CCCP C, B. OBPYYEB 


i HOBbBIE WAHHBIE O CTPATHFPA®HH MPOTEPO3OS 
TYHKHERCKHX FOJIBUOB BOCTOUHOrO CASHA 


B TeyeHve MocieqHux ABallaTH JieT H3yYeHHe JOKeMOpua xp. Bocrounpiit 
‘Caan mpoBoJuTcaA pa3ssIHYHbIMH. TeoMOrH4yecKUMH yupexkennamu. Orpomnas 
MOULHOCTb HEMbIX CBT apXeA WH MpOTepo3sos M ClOMKHAA TEKTOHHKA XpeOTa OUCHb 
BaTpyAHAIOT BbIACHeHHe CTPYKTYPHbIX B3AMMOOTHOIWeHHH HU MOCesOBaTeJIb- 
(HOCTH CBHT, M TOJIbKO MOCJe JIeTAIbHbIX PpaOOT yaeTCA COCTABHTb TOUHbIe CTpa- 
THIpaduseckve KOJIOHKH AIA OTAeIbHEIX UaCTeH XpeOTa MH KOppesINpoBaTb Govlee 
mau MeHee yOeAUTeJIbHO paspe3bi AIA BCero XpeOTa B IeJIOM. 
| Oyun us apropos no nopyyenuio VpkyrteKoro reouoruueckoro ynpaBleHua, 
fa 3atem Muctutyta reonormueckux HaykK AH CCCP fposogua pa6otbi no u3yye- 
HUHIO JOKeMOpusA BocTOUHOK uacTu Boctoynoro Casua c 1939 no 1946 rr.; kpatKas 
cTpaTurpaduyeckad cxeMa JOKeMOpHa Obla HM onyOHKoBaHa ('). Ho cxema 
5Ta, OCHOBAHHAA Ha MAPUIPYTHBIX HCCeOBaHHAX, TpeOoBala eTaru3auu, u 
‘¢ 1953 no 1960 rr. 8B BoctrouHom Caste u Xamap-Jla6ane Oblmn mpoBeyennt nox 
pyKosojctsom C. B. Odpyyesa AetTaibuble padoTb! Copeta 0 u3y4eHHIO Mpo- 
M3BOANTebHBIX CH, Jla6opaTtopuu reosoruu JoKemOpusa AH CCCP u Kpacuo- 
‘apckoro Treomorvueckoro ympaBsieHua. Bovibuioe BHHMaHHe Obii0 o6patl2Ho 
‘Ha u3y4eHve MpoTepo30a Wend TyHKHHCKUX FovbIloB, Tak Kak 3/leCb yCTaHoB- 
JIeHO HavOosJlee 3HAUHTeIbHOe NOMpyKenve NPOTepO3oHcKOW FeOCHHKJIUHAaIH H 
O0bUIaA MOILHOCTb ocalKoB. TlosTOMy MbI pacCuHTbIBaJIH Ha OCHOBaHHH UCCcJe- 
ROBaHuN TyHKHHCKU X FOJIbYOB WaTb, HECMOTPA Ha OOVIbILLYIO CJIOMKHOCTh TEKTOHH- 
KM STON env, HanOovIee NOMHOe ONMCaHHe paspe3a BCero mpoTepo30a BocTouHo- 
ro Casna. OcHOBHbIM HCNOJHNTeJIeM MCCJIeqOBaHHA TyHKHHCKUX ToJbILOB C 
1953 no 1958 rr. Oni HM. Il. Bysuxos; npesBaputenbuble HTOrH 3THX paboT 
Obl Hamu ony6uuKoBanbt (”, %). 

B 1958 r. uccneqopanua JokemOpusa Boctounoro Caana NosxBUHYJHCb yxKe Ha- 
‘CTObKO, YTOB Kone 1958 r. Ha CoBeLaHHH, OpraHH30BaHHoM pH MpKytTcKom 
FeOMOPHYeCKOM YIIpaBseHHH, yAaOCb HPHHATh YHUCPULApOBaHHble cTpaTurpadu- 
‘wecKHe CXeMbI apXex HU MpoTepo30a Ayia Bcero Bocrounoro Caana. Cxembl 3TH, 
OHaAKO, He MOFIH OObeAHHHTh BCe JIOKAJIbHbIe CTpaTHrpaduyeckve KOJIOHKH 
OTM€JIbHLIX TeEOJOFOB, B YaCTHOCTH Halla OYeHb JeTaIbHaA CxemMa CTpaTurpaipun 
mpotepo30a TyHKHHCKHX FOJIbUOB B HEKOTOPbIX OTIeNaX NMpoTHBOpeYyHa NpH- 
‘HATOH CoBelllaHvem cxeme. BBuAy 9TOrO HaMM Obl OpraHH30BaHH! B 1959 u 
1960 rr. cneluasbHble KOHTposbHble noes Aku H. II. by3nkosa B Oosee 3anaquyo 
‘4uacTb Boctrounoro Canna — fo p. YAbi Wu rpanuup c TyBuncKol a. o. OTH uc- 
CNIELOBAHHA NOATBEPLMJIM MpaBHJIbHOCTb Hale JeTaIbHOM CTpaTurpapuyeckon 
CXeMbI MpoTepo30A, BbipadoTanHon HM. TI. by3uKkospim Ha OCHOBaHHH H3y4eHHA 
TyHKWHCKHX ToJIbioB H OowIee paHHux padot C. B. Odpyyesa, uv no3sBouMu 
BHeECTH B S3TY CX€MY HEKOTOPble YTOUHEHHA WH AONOJIHCHHA. 

Mbt ny6uKyeM B COKpauleHHOM Bie ITY CXeMy —- HTOF MHOFOJIeTHHX padoT 
NO H3y4eHHIO NpoTepo30A BOCTOYHOH yactu BoctTounoro CasHa. B Hell oTpaxKeH 
COCTAB CBUT He TOJbKO TyHKHHCKHX FoJIbWOB, HO B 3HaYHTe/IbHOH CTeneHH UM BCeH 
BOCTOUHOH NOsIOBMHEI BoctoyHoro Casna. JlonomHeHHadA MO HOBLIM J,aHHbIM 
cTpaTurpadpuyeckad cxema apxed TyHKHHCKHX PouIbloB Onla onmyOuMKOBaHA 
B 1960 r. Bctatbe H. I]. Bysuxopa u I. M. Jipyrosoii (‘). 


f 


HuxHAA cepuHua 


_ B psge ctpyxtyp B TyHKHHCKUX ToJIbljaX B OCHOBAHHH TpoTepo3sos JexKUT 
TOJla TeppHreHHLIX HOpol, KOTOPbie Mo cocTaBy u Oowlee ryO6oKOMy MeTamop- 
} 
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(PH3My Pe3KO OTVINYAIOTCA OT BbILeeKAWAX; OHH OObEAMHEHBI NOKa B OJHOM XOH- 
rommolicKkol cute. Moposbi stoi cepuv B TyHKHHCKMX Tosbiax pacnpccTpaHneHbl 
TOMbKO NO paBobepexbioO BepxoBbeB Kutos uv seBoOepexkpio Mpxyta. 

XoHronumonecKan CBHTA JeNMTCA Ha Be NOACBHTHI. 

Hwxusaa MOcBuTa COCTOHT 3 OfHOOOpasHOw TOJMLH CepbIxX TOHKOTOJO- 
CYATHIX CJIIOMHCTO-KBaplleBbIX, CJIFOAMCTO-KBapLeBO-KapOOHaTHBIX HW Apyrux 
KPHCTaJMYeCKNX ClaHWeB W rHelicop. ByuyuMas MOMLHOCTb AO 1500 m. 

Bepxuan Moscenra c0xKeHa B OCHOBHOM TeEMHO-CepbIMH JIM OypoBaTbi- 
MH OHOTHTO-KBaplleBO-KapOOHATHBIMM KPHCTaJByeCKMMH CJlaHIaMH, MeCTaMH 
NOXOXKUMH Ha TyonecuaHHKH. ITH MOPOAb! WaCTO 3aMellaloTcA JIMH3SOBUAHBIMU 
MIPOCJIOAMM SeJICHBIX OPTOCJIaHUEB MO OCHOBHEIM S*(Py3HBaM WJM BKJHOYAIOT Hpo- 


CJIOH MOCNeIHUX, a Tak%Ke MPOCJOM pasJIMYHbIX FHeHCOB M rpauTUCTbIxX Mpa- 


mopos. Momxocts 40 500—700 mo. 
CpehHaan cepua 


OfnoposHan TOMA KpHCTaIMYeECKUX CaHWeB UM THEMCOB BbIMe MO pas- 
pesy COrlacHoO CMeHAeTCA MeHee MeTAMOP@HSOBaHHOM, OYEHb CJIOKHOM MO co- 
cTaBy TOJUIeH NOpok cpesvel cepHH, B KOTOpOH npeoONasaloT PinweByAHHe, 


TeppureHHble KapOonaTubie u sddysuBubie noposH. Ilo muTomorM4ecKuM OCO-. 


OeHHOCTAM MbI pacuJieHSeM STY CepHIO Ha CBUTHI; BCe OHH XOPOUIO KapTupytoTcs 
Kak B TyHKMHCKHX roJibllaxX, TaK HW B COCeAHUX paHoHaxX. | 

ToaTtuuckasa cBpura. Ilo npapobepexbw p. Kntos, no ero nputo- 
kam Apa-Xonrosfou u Bara-Xouromfol, a Take mo JeBoOepexkpro p. Mpxkyt, 
Bbile ycTba p. Bespii Mpkyt, kpuctasmmueckve ClaHUbl MW reich! XOHTOmLON- 
CKOHM CBHTHI COrmacHO NepeKpbIBAaIOTCA NOpOAaMM TOJITHHCKOM CBUTbI — KaJIbIM- 
TOBbIMH MH, pexke, JOJOMMTOBLIMA MpamMopamMH. Mpamopbl BKJ04"aIOT MpocJoH 


Pa3JIMGHbIX KPHCTAJIMYECKHX CJIAHWEB, THeEHCOB, KBapUHTOB H 3eJICHBIX OPTO- 


cannes. Moutpocth x0 800—I1000 m. 
WymMakckasa CBUTA OTAMUAETCH OUCHb NECTPbIM COCTABOM; OHA 3a- 


HHMaeT Ooubitne nvionlayu B TyHKMHCKHUX Yrovbuax. Ee coctaB Obl TouHee: 


onpejesieH B I9E9T., nocne Toro Kak Oblia HCCAeAOBaHAa BCA NioWlayb TyHKHE- 


CKUX TOJIbIOB WH YaCTb OKHHCKOFO MJiccKoropbA. BewecTBHe CJIOMKHOH TeKTO-’: 


HUKH peAKO ylaeTCsA HaOMOAaTb HOPMAJIbHOe BSH MOOTHOMICHHE STO CBHTHI C Apy- 
rumMu. Tak, HalmpHMep, HOPMéJIbHOe HasieraHHe UlyMaKCKOH CBUTbI Ha TOJITHH- 
CKylO HaOJOfaeTcA Ha BOLOpaszeie pp. Apa-Xounroufow u Taxen-loun, B Bep- 
XOBbAX pp. Yulapuura u Tosita (mMexAypeube BepxoBbeB pp. Mpxyt uw Kuton). 


B cBuTe npeoOajaloT pa3sJIMYHbIe KBaplleBble WH KapCOHaTHble CaHUbI C NOD: 


UMHEHHBIMH MpOCMOAMH SeJIeHbIX OPTOCAHLWeB, MPaMOPOB H rHelicoB. HuxHan 
4aCTb CBUTbI CJ1OXKeHA NPCMMYWECTREHHO CJOAMCTO-KBapUeBbIMH, CJIOAHCTO-Kap- 
OOHATHEIMM M CepHIMTO-XJIOPHTO-KBapLeBLIMH CJIaHWaMH C MpocJioAMH MpaMOpoB 
M 3eJIeHbIX OPTOCNaHeB. Jia cpenuceh, Han6oulee MOWIHOK YacTH ee XapaKTepHO 


JIMWeBKAHOe FepeMOBanHve 3eJICHO-CePbIX WH Cepbix JIaPHOKNa30-HONCHAO-Kap- 


OOHATHIX, XJIOPHTO-KBapleBO-KapOOHAaTHIX, OMOTHTO-KBapIeEO-KapOOHaTHbIX 
M Apyrux ClaHWeB, CpeH KOTOPbIX BCTpeuaIOTCA B MEHbUIEM KOJIMUECTBeE Mpo- 
CJIOH KBapWeBO-aKTHHOJIMTO-ONOTUTOBBIX CIAHIEB, CJIIOMHCTLIX KBapLMTOB HM Mpa- 
mMopos. Brepxy oTmMeveHo Oovlee WIMpOKoe pa3BHTHe 3e/IeEHbIX OPTOC/aHLeB, 
KOTOpble YepeLYIOTCA C MPAMOPaMH Pa3JIMUHbIX OTTEHKOB HM pa3HOCOpasHbiMe CJlaH- 
WaMH WIM 3aMellaloTCH HMM. SeJieHble OPTOCaHUbI BepXHeH HM HH KHeH “ACTH 
IYMakCKOH CBUTbI MpeACTAaBJIAIOT COOOIO CHJIbHO H3MeHEHHbIe Schiy3HBbI OCHOB- 
HOrO H CpeHero cocTaBa. O6ulad MOLLHOCTb CBuTH! 2Z000—3000 m. 


HavOonee SHauHTeIbHbI MOUaAH, CIOKEHEBICIYMAKCKOli CBUTOH B BOCTOU- 
HOM MW Ce€BepO-BOCTOUHbIX YacTAX pahona (Oaccehunt Lymaka u Busmuortsl), a Tak- 


Me Ha CeBepoO-3anasle, B BepxoBbAx Mpxyta u Kurtos. 

Carauxahpckaav CBHUTA, COCTOAIMAA B OCHOBHOM H3 KapOouat- 
HBIX MOpo, B Oacceine Bumotpi (ipapbii mputoK p. Kurtoii) u mectamu B JouIMHe 
Mpkyta coracuo mepeKpbiBaer ulyMakcKyio cBuTy. Uarre xe Mexjly HAMM Ha- 
ONlOMaloTcA TeEKTOHMYECKHe KOHTaKTHI. B cBeTe MpeobsayaloT MaCCHBHBIe, C10n- 
CTbIC HW NOJOCHYATbIC MPAMOPbI M AOJIOMHTHI CO SHAUMTeABHbIMY TIPHMeCAMH CaxKH- 
920) 


‘Toro KBapiiMtTa, OuTyMa uw KBapiia. Mectamu BcTpeyatoTca He3sHauHTebHbIE 
POCJOM KBapUMTOB, PUJIJIMTOB MH 3eJIeHbIX OpTcciaHueB. Momtnocts fo 2000 m. 
: BepxHaAaA cepuna 
' BepxXHlolo Cepuio MBI OTJeuIsIeM OT CpeqHEl yCJIOBHO MO MOABeHMIO B Kap- 
OOHAaTHBIX MOposax, MeKAaWIMX COrMacHo Bblle CaraHXalipCKoH CBUTbI, BOAOpoc- 
a KOTOpble Mo onpefesennio B. I]. Macnoga npunagnexat kK posam Collenia, 
Osagia, Conophyton u ap. STu Bofopocim conoctTaBssroTca Cc NOJOOHLIMM 2%KE 
OPMaMH, ONMCaHHbIMA STUM %*Ke UCCesOBaTeMeM H3 KapOoOHaTHbIX MOpos 
Y IYHTYHCKOM CBUMTbI TpexyJieHHorO HalikanecKoro KOMMsIeKca BepXxXHero Mpo- 
Teposo#, KOTOPbIH HeEKOTOPbie aBTOPb! Telepb OTHCCAT K cHHMIO. B Bepxueli 
Cepuu mpeoOnaflaroT pasiMuAble KapOOHATHbie NOPOH; B OTM Ue OT HuKee- 
Berx OHH MeHee MeTaMop@usoBanbl. B TyHkvHCKHX roylbuax cepa mpe- 
CTaBIAeCT OJMH HEMpPepbIBHDIM paspes, B KOTOPOM MO JMTOJOrHYeCKUM Mpu3na- 
KaM MBI BbIeJIf€M Be CBHTHI. 


x AMAHTONbCKAA CBUTA XapakTepu3yeTca mpecbalannem B ce 


OCTABe YEPHbIX CaKUCTO-rpaduTHcTHx AoNOMUTOB. HuxKHAA NOACBHTA ClOmKeHa 
(peHMYyUIeECTBEHHO YEPHIMH HM TEMHO-CePbIMH CJIOHCTLIMH CaxKUCTO-rpaduTu- 
2TLIMH MpaMOpaMH C MpOCJIOAMM MeJIKOKPHCTamMueckux NosomuTos. Bepxuaa 

OJCBHTa COCTOUT, TiaBHbIM OOpa3s0M, M3 YepHbIX MOTHBIX CadKUCTO-rpauTu- 
STEIX JIOOMMTOB, KOTOPble MECTaMM COfepxKaT MHOFOUNCJICHHEIe BOMOPOCsN. 
Cpe JOMOMUTOB BCTPeuYalOTCA MPOCJION YepPHbIX Ca*KHCTO-PpabuTUCTHIX KBaplle- 
30-KapOoHaTHbIX CJlaHeB, KPeMHEBHHEIX KBAPUWHTOB HM MpocJion Jo 7 M M3sMeHeR- 
soro rpacputa. Moninoctb cBuTsI go 1500 M. 

AMaHrObCKadA CBHTA CNaraeT HEOOLUIHe NACWaH B WeHTpasbHOM uacTH 
TyHkuHcKux roubios no mpaBodepexsio p. Kutoit mexyy pp. Llymax u Bumorta. 
» OmokwkeKkasx cBputa. Ha amanroapckoli cBuTe e%KAaT OYeHb MecTpble 
(0 CocTaBy KapOoHaTHLIe NOpoOAb! OMICHCKOH CBHTbI, KOTOPy!O MOXKHO pacue- 
(Tb Ha TPH MOACBUTHI. 

HwkHaAaH MOACBHTA COCTOHT W3 MeCTPOMBETHEIX NJIMTYATHIX JOJIOMHTOB, 
APAMOPH3OBaHHBIX H JIOJIOMHTH3HPOBaHHbIX U3BECTHAKOB C MIpOCJOAMN- XJIO- 
)MTO-KBapMeBO-KapCOHaTHBIX CJIaHWeB, KBAPUHTOB WH KP€MHUCTbIX CJIaHIeB. 

Hus3pl cpeqHel MoACBUTbI MpecTaBJeHb! CepHIMH TOHKOMOOCYaTHIMH JON0- 
(HTaMH, CMCHAIOULYMHCA BbIe -NOJIOCUaTLIMH OXTYMHHO3HEIMH MpaMmopamys. Ua- 
TO BCTPe4alOTCA TOHKHE MPOCJIOW PasJIMYHbIX KapOOHATHBIX CJIaHUeB, KBapllH- 
‘OB H KP€MHUCTHIX NOpok. 

_ Bepxuew nmofcsvTow vepHlx @wnweBHyHHIxX KapOOHATHEIX WH KBapIleBbIx 
MaHIeB 3AKAHYHBAeTCA Paspe3 MpoTepo30n TyHKHBCKHX ToJIboB. 

> OOuwlan BYAMMas MOWIHOCTh OWIOHCKOH CBHTLI He HpeBbiuaeT 2200 m. Eto 
WIKI SHAYHTeJIbHbIe Mowat, riaBHLIM OOpa3som B Oaccelne p. Ouro, 
We oHa HavOoulee AeTaIbHO M3y4¥eHa. OOulad MOWIHOCTb BAAMMOH YacTH pas- 
‘e3a mpoTepo3oa oT 10 500 yo 11900 m. [lpuH usyyenum ctomb MonIHOH Tosn- 
qm nopog TyHkuHCKMX TobUOB MbI He OOHAPYHKHJIM MOCTOBEPHIX IPHSHaKOB 
eCoriacui WIM MepepbIBOB B OCaMKOHaKONJeHHH; HO MIpH HaJIMYHM BeCbMa 
JIOXKHIX CTPYKTYP He HCKJIOYEHA BOSMOXHOCTh MPONyCKOB B HaGJIOEHHAX. 
' MoxkHo OTMeTHTb evieqyioulMe H3MeHeHHA (aun B paspese NpoTeposos. 
' HYKHeH NOJOBMHe — JJINTeJIbHCe NpeoGsaqanne TeppHIeHHEIX YCIOBHH C JBY- 
‘A 3HAUTEILHBIMM 3TaNaMM PaSBUTUA By/JKaHOFeHHOM esATebHOCTH, O3HAaMe- 
(OBAHHBIMH OOIbIMM KOHYeCTBOM Scdd@y3HBoB. BepxXuan noJIOBuna XapakTepH- 
yeTca npeoOasanvem pa3JIM4HbIX KapCoHaTHbIX Nopogx, HHOra € HesHadHTeJb- 
IM KOJIeOaHveM B CTOPOHY TeppHIeHHbIX YCJIOBHH; HaKOHeL, B CaMbIX BepXax 
lagpesa CMoBa Cna6oe nponBseHve scby3uBHoli eAaTeIbHOCTH. 

-/B Ta6n. 1 mpl qaem conoctaBjeHnve Haulel cxembl npoTtepo3soa TyHKHHCKHXx 
BILOB, C YHH*ULMpOBaHHOH Cxemonw 1958 r. Wiad OHOM US BHYTPCHHUX MOZ30H 
ICTOUHO-CanHCKOH MpoTeposolicKOH reocHHK HHA (43 NATH, MPHHAHBIX CoO- 
aHvem 1958 r.). CpaBHenue moKa3biBaeT, YTO YaCTHbIeC CXEMBI B OOLLEM COTO- 

‘aBHMbI MO COCTaBY CBUT, HO KaxKad NOM30Ha OTMMYAeTCA CBOMMH (pallHasb- 
Ber oco6eHHocTamu. B coceqHux BHYTPeCHHUX Mossonax cxembl 1958 r. c HHX- 
ei cepHeli Hallleli CXeMbI MOXKHO COMOCTaBUTb AvbiIrgkepcKyio CcBATY (B Mamcko- 
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Ta6aunna 1 


CxeMa KOppesaluH pa3pe30B nporepo3s0s TyHkHHCKHxX rombuop w OKHHCKOrO NOcKorophA 
(Bocrounbi CasH) 


Oxuuckas Noz380Ha NO yHUPHILMpPOBaHHOK 
TyukuucKue romp (MH. I. BysuKos, 1959 r.) __| Tymenmerae ronuuu (1 Byonnoe,189r.] "tpararpapuvecnot even (BE (1958 r.) 


Oxuuckas cButa. Pa3sanunpie 
CaHUbl, MecwaHHkKH w a~@y3HBbI Cc peg | 


WHTOB HU MeTasdipy3KBoB 


A See CJIOAMH MpaMOpOB t 
S Omotekanx csBputa.  Ilecrpsie Tu6unckan cauta. I[lecuanu- 
Bk OJIOMHTsI, MpaMOpbl HM KBapleBO-Kap-| KM HM CJIaHI{bl C TIpOCJIOAMH H3BECTHAKOB 
Se OOHATHbIe CAHIbl u acpysHBoe 
a AmMaurowbcKas cBuTAa. Uep- 
2 Hbl€ CaxKUCTO-rpauTHCTHIe AOJOMHTbI 
ie M MpamMopbl c BOZOpocaasmu Tuna Col- 
= lenia, Osagia u Conophyton MounrowuucKkaa cBHTA. Mpa- 
a MOPbI HM JOsOMATE! C BOROpocAmMU Co- 
XD : nophyton, mpocmov canes u spdpy- 
3HBOB 

Carauxalipckaa cBuHrTa. Ceppie 
Ss OJOMUTLE WM MpaMOpbl c€ mpocnosmMu 
oy KBapILMTOB 
S Ulymakckaa cBurta. Pa3muu- 
=. Hbie @JIMIWeBUAHbIe HW MHJIMMTOBHZHbIC Yptraroapekan cButa. Cnau- 
Qo KapOoHaTHble WH KBapleBble ClaHUb H} bl WH am@uOouMTH C MpocsoAMM MpaMo- 
3eIeHbIe OPTOCMAHUbI NO sibdby3snBam pos 
= ToatTuuckasacBura. Ceppie rpa- UpkytHhasa cBputa. Mpamopp c 
Py @UTHCTHIe MpaMOphI c MpocioAMN ruHeli- | NpocmoaMH caHWeB HW FrHeHCoB 
6) COB, KPHCTaJIIMYeCKHX C/aHIeB, KBap- 


Hokus XOuHTrOmROHCKAA cBHTA. Ue- 
cepun Pt;| penoBanue KpHcTaaqmMuecKHX CaHHeB H 
PHEHCOB 


IpumMeuaunne. Onnuckan cputa, KOTOpan B YHHDULNpPOBAHHOH CxXeme 3aKaAHUUBAeT Paspes Npo- 
repo30A, no uccnenopaHuam MH. M1. Bysnxora, COOTEETCTBYET WYMAKCKOM cBHuTe cpepHeli cepHu ero cxe- 
MBI. ¥ PTaroJIbcKan CBUTa NpeAcTaBMAeT TaK2*KEe VaCTb HIyMaKCKOH CBHTHI. 

Yaunckoh noysone) u Iytxymnaitcxyio (B BoctoaHo-TyBuHcKo mojsoxe); 
Halen cpeHeH cepuH COOTBETCTBYIOT B nepBoi mogz30He Bce CBHTH OT Jfep- 
OuHCKOM 0 BaxTuucKkol, a BO BTOopoH — DaspikTpIrxemcKasd HK BusuncKkas. | 

B paspe3e OKHHCKOM NOA30HbI (Kya BXOLAT HM TYHKHHCKHe POublbl) OcTaeT- 
CA, KaK M paHbille, peskoe NPOTHBOpeuHe B OWeHKe CTpaTurpaPuyeckOro NowoKe- 
Hua OkMHCKOli CBuTEI. B yHudHuHpoBaHHO cxeme CBUTa 9Ta BeHYAaeT paspes 
MpOTepOsoA, B TO BpeMA KaK NO HaLlIMM HCCelOBAHHAM OHA BXOMMT B Ulymax- 
CKyto CBHTY cpeyHen cepHu npotepo3soa. I]paBubHOCTb Hallie CXeEMbI MOATBEPAK- 
AaeTcaA JleTabHbIM H3YYCHHEM MHOTOYHCJICHHEIX Pa3pe30B, B KOTOPbIX MOMKHO 
HaOJOLaTh HEMOCpeACTBEHHOe COOTHOLMIEHHe CBHT. 

Mobi OcTaBJIieM IIpHHATOe HaMH elle B Haase ucceqoBaHnnii (1) ReneHue Mpo- 
TeposoA Ha TpM cep. BosMoxHO, 4TO B flabHelleM YAacTcA BbIAeHTb CH- 
HHHCKHM KOMMIeKC, K KOTOpOMY OTOHJeT MOUTH BCA BepXHAA CepuxA — MH TOra 
COOcTBeHHO MpoTeposolickuli KoMMvieKc OyeT AByyeHHbIM. B HacTosmee BpeMa 
rpaHuly CHHUA NPHXOANTCH MPOBOLUTb B STOM HEMpepbIBHOM PeOCMHKJIMHaJIbHOM 
Paspese BeCbMa yCJIOBHO HWKe CJIOCB C BOMOPOCIAMH. 


Teoornuyecknit myseit um. A. TH. Kapmuucxoro Tocrynus0 
Axkanemuu HayK CCCP 6 XII 1960 
UMTHPOBAHHAA JIMTEPATYPA 
‘M.A. Jilyppe, C. B. O6pyues, Hsp. AH CCCP, cep. reon., Ne 6 (1950). 
*H. TL. By3suxKxos, C. B. O6pyues, Matep. 10 u3y4. NpOHs3BOR. cH Bypsr- -MouroJb- 
ckoit ACCP, s. 3, 1957, 3H. TI. Bysuxkos, C. B. O6pyues, Tp. mexBegomcts. 
COBELL. HO paspa6orKe crpatTurp. cxem Cu6upu, 1956; Jloxn. no crparurp. noKemMOp. OT0K., 
eae a ll. Bysuxos, T. Mc. -pyrosa, Tp. aa6. reon. ,oKem6pna AH CCCP, 
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Jlorxaym Akanemun Hayr CCCP 
1961. Tom 137, Ne 4 


PEO/IOPHA 


nN. WH. ROPOSEEB 


HOBBIE AAHHbIE O TPETHYUHOM ®JIOPE H3 PAMOHA 
? c. AHTPOMOBO HA p. TABJIE 


(Tpedcmasaeno axademuxom B. H. Cykauesgim 3 XI 1960) 


ow 


[papper Oeper p. Tapapt B palione c. AHTponoBo o6uamaeT (CHH3y BBepx) 
CMELYIOULMe TOPH3SOHTLI TpeTHAHOH TOVILLM: 

1. [umua rpy6as, nioTHad, CNOuCTaa, B CbIPOM COCTOHHHA TeMHO-cepas 

C rouyOOBATLIM HJIM 3eJIeHOBaTbIM OTTCHKOM, MO BBICLIXAHHHM CBeTIAaA, pacna- 

qaioulancA Ha IWMTKH 1—2 CM MOMIHOCTHIO, M€CTAMH CHJIbHO OKee3HeHHAaA 

EE Mc 8) Se ges ge es Mompoctp 3—5 m 

2. Ilecok pasHo3epHucThI, rOpH30HTAIbHO HJIM KOCOCJIOMCTHIM, CBeTIDIi 


(romyOoBaTO-seeHOBAaTHIN, %KesTOBATHI, Oem). ... . . Mompocts 8—12™ 

3. [amua onecuaHeHHad, pbixslad CO CTONOUAaTLIMH OTIENbHOCTAMH, Kak 6b! 
oOmeccOBaHHax, KOpHuHeBaTO-OxpHcTaa, cBetmaa.. . . . Mouocth 4—5 y 
ee ASeGae ss... 5s : . . . »Moumoctp 1,5—2 » 


MectTHbIe reouOrH conocTaBssioT ropH30HT | c YeraHCKOH, ropH3s0HT 2 — 

€ KyTaHOyJlakcKOH, ropH30HT 3 — C YHJIMKTHHCKOM CBUTAMH MasleoreHa CeBep- 
Horo Ka3axcTaHa. STO CONOCTaBJICHHE He JIMINEHO OCHOBAHHH, MO Kpalinel Mepe 
B OTHOWICEHMM ropHsonta |, BCKpbIBalolleroca BO MHOFMX NMyHKTax Ha rpannile 
‘CBepfmoscKol w TioMeHCKOH O61. HM MMerIolero HEKOTOPOe-BHeINHee CXOCTBO 
C OTJOKeCHHAMH HaCTOAUeH YeraHCKOM CBHTbI; B HEM HaXOJAT MOPCKHe pako- 
BHHbI, 3yObl aky.I M CKeseTbI pbl6. B patione c. AnTponoso u Bpuue no p. Tapye 
rOpH30HT | MHUIeH OCTATKOB MOPCKHX XKHBOTHBIX, BMCCTO KOTOPbIX B HeM BCTpe- 
yalOTCA OCTATKH pacTeHui (nOxHe OTMeuaTKH, pacTHTesbHad Tpyxa, Oypbiii 
yroulb). 
_ PactTuTembuble ocTaTKH 43 9TOTO paiiona u3yyanucb JI. B. Bpemenckum ('), 
.M. T. Pop6yxospm (3) u IT. A. Hukutunpim, wa Kotoporo ccpiiaetcs JI. H. Ky- 
Kos (4). JI. B. Bseqenckuit u3sy4an oTHeuaTKH, MpoHcxosauMe H3 ropusonta |. 
To-sugumomy, oTcioya xe usy4an cemena wu nuiogp 1. A. Hukutuy. OTneuvaTKu 
WiumeK M moGeroB meTaceKBolu, onucannpre M. [. Top6yHoBbim, npoucxosAT 
M3 JIMHSbI, 3asleraiolleli BOH3H BepXHel rpaHHUbl TPeTHYHLIX OTORKeHHH, T. e. 
(M3 ropusoHTa 3, a BO3MOXKHO HM 2. Bce uccneqoBaTenH COriacHO OTHOCHJIM U3y- 
Yaemble MMH OTJOXKeCHHA K OJIMTOMeHy. 

Tlomp3yacb ycnyramu 3araqHo-cu6upcKol 9KcrequmMH Beecow3Horo Hay4Ho- 
MCceqoBaTeIbcKoro reosoruyecKkoro MHcTUTyTa B aBrycTe 1960 r., A yMen 
BO3MOXKHOCTh MpOCMOTPeTh OOHAKEHHA B pPahoue C. AHTponoBo HW coOpan pactu- 
T@JIbHbIeC OCTATKH B JByX TOUKAaX. 

| 1. B camom c. AuTponoso, no peke HeMHOrO HWXKe HepKBU,B ropuszoTe |, 
MP¥MepHO Ha BbicoTe 2 M OT ypesa, BCKPbIBasach HeOOIbluaA JIMH3a Oyporo 
YIuia, B KOTOpOM, KpoMe amop@HOH opranuyeckOl Maccol, OblIM MorpeOeHb! 1o- 
CKOBHHO CIVIOCHYTHIe CTBOJIBI, CHJIbHO CJIOCHYTbIC BETOUKH XBOHHbIX H Tp. Ilo 
COOpaHHEIM 3f\ecb OCTaTKAaM MHOIO OMpelereHb! Cyekyione pactenus: Metase- 
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TaoOauna ft 


Ouuroen Muoueu 
z 2.2 1 oo 
Ceo toca ae s 
1S (8 ta |e 5 wo 
& [e) iw o o U Yo s 
® 53] °9 5) o a S 
si Oe 8 a a, g ss s 
ke Sy Soe = S] 9 ‘a 
SY ease 2 Se ee 
Hal = |S6)Ealeos|/ Sa] aa | ga] wa 
a 53 loo|o@lzelue}] va oa] oa 
aol] S|eag|aeize|ae| #8 | eg] we 
AG] & | mo ae | Be| 2a] 2a | ag] oa 
Azolla sp. (sect. Rhizosperma) ——— ere | 
Salvinia sp. (sect. Cerebrata) —— | ee 
Taxodium dubium (Strnb.) Heer ; A ia 
Clyptostrobus europaeus (Br.) Heer Se ea oe Ra RSs 
Metasequoia disticha (Heer) Miki Se 
Typha latissima A. Br. lene | | | 
Sparganium multiloculare R. et Ch. nN A A RR 
S. elongatum Dorof. sp. n. ——— | 
Potamogeton tavdense Dorf. ° —— 
P. semirotundatus Dorof. LS Ft A OO 
Najas tavdensis Dorof. oo ‘ 
Sagisma tavdensis Dcrof. rs ; \ 
Stratiotes sp. (df. websteri Zinnd.) oie ee 
Scirpus khachlovii Dorof. NRT oH mm 
Cyperus sp. | 


E. crnatum R. et Ch. : 
Spirematospermum wetzleri (Hr.) Chandl 

Salix sp. | 
Pterocarva crassa Dorof. : 
Alnus kireevskiana Dorof. 


Aracisperum jugatum Nikitin 
Epipremnum rug¢sum Dorof. | | | | | 
SE Ee Eee 


Aldrovanda sp. 

Ampelopsis cf. rotundatoides Dorof. 
Tilia sp. | 
Hypericum septestum Nikitin 

Decodon gibbcusus E. M. Reid 
Diclidocarya sibirica Nikitin 

Nyssa macrcearpa Dorof. sp. n. 

Aralia lucida Dcrof. 

Cernus gorbunovii Dcrof. 

Menyanthes parvula Nikitin 
Cephalanthus kireevskiana (Dorof.) Dorof. . 
Weigela kryshtcfovichiana Dorof. 

Carpolithes natans Nikitin en | | | | 


Alnus sp. 

Polygonum tavdense Dcrof. sp. n. ——S 
Nuphar sibiricum Derof. — 
Nuphar cf. pumilum Sm. 

Brasenia nymphaeoides Doroi. —— 
Magnolia sp. 

Ceratcphyllum tenuicostatum Dorof. sp. n —— 


nna 3 


quoia disticha (Heer) Miki, Glyptostrobus europaeus (Br.) Heer, Taxodium 
dubium (Sternb.) Heer, Pinus sp., Pseudolarix sp., Alnus decipiens (Nikitin) 
Dorof. 

Us Hux HanOoviee mNTepecna HaxozKa uemlyh Pseudolarix (MOHOTHNHEI pox, 
HbIHe COXPaHHBIIMACA Ha KpoLweqdHoM apeavie B KuTae), OUCH peAKOrO WIA Ha- 
Wel TpeTHYHOM (Puopbl pacTenusA MU Oouee XapakTepHoro y Hac Aid Mea. OcTamb- 
HbI€ PaCTeHHH H3BeCTHLI NOUTH NO BCeH KOHTHHEHTaJIbHOH TpeTHYHOH Tove 
SananHon Cu6upn. 

2. Bonee nOHOK OKa3zanacb biopa B ropHsoute | O6HaxKeHHA, pacnomo*KeH-. 
Horo pumepHo 1,5—2 km no npxmol (Munya OobyIo H3NyuHHy) Ha ceBepo- . 
sallay OT c. Autponono, WJIM OKOJIO | KM BbILIe 10 TeyeHuio OT 2. Huxkusaad Ipn- 
cTaub. Tlocnequaa pacnosomena Ha JiepoM Gepery. 3yecb Ha BbICOTe OKONO 2 M 
OT ype3a B MpOcloe OYeHb TEMHBIX, 3€JICHOBATO-CepBIX FIMH Jlaxke HEBOOpyKeH- 
HbIM TJia30M OblIM BUHbI KPyMHble MIOAbI H CeMeHa, BETOUKM MU ApyrHe OcTAaTKH. 
TIpombis Ha Mecte GombuI0e KOMYeCTBO TMOPOsH u co6pas HOPALOWHOe KOIHUe- 
CTBO PacTHTebHOK Tpyxu, A ye B NaOopaTopHHn BHIOpan us nocMeqHeEM MH OMpe- 
ACJ OCTATKH MHOPHX pacTenuii. PesyibTaTb! OnpesxeneHu MpUBeLeHHI B Tabu. 1, 
B KOTOpOii TakKxKe YkKa3aHO paclipocTpanenue tbopM NO THNMYHEIM dopam 3a- 
naquoi CuOupt u mecTo nocneqHux B cTpaTurpacbwueckoit cxeme. 
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Puc. 1. 1, 2 — Glyptostrobus europaeus (Br.) Heer, cemena, 38, 4—Taxodium dubium 
(Sternb.) Heer, cemena; 5, 6 — Pseudolarix sp., wellya ¢ AByxX CTOPOH; 7, 8 — Pinus sp., 
nyykH xBoli; 9—/4 — Metasequoia disticha (Heer) Miki, o6m0mKH BeTrouex; 15—16 — Sparga- 
nium elongatum Dorof., sH,oKapmbl; 17 — Potamogeton semirotundatus Dorof., s4q0Kapm; 


18 — Epipremnum rugosum Dorof., cema; 19 — Najas tavdensis Dorof., cems; 20, 21 —Sa- 

gisma tavdensis Dorof. 90Kapmibl, 292, 23 — Pterocarya crassa Dorof., s4q0Kapmbt, 24, 25 — 

Polygonum tavdense Dorof., mv1ofpI; 96 — Aralia licida Dorof., sHyq0Kapn; 27— Ampelop- 

sis cf. rotundatoides Dorof., cem1; 28 — Cornus gorbunovii Dorof., s#20Kapn; 29—82 —Nyssa 

macrocarpa Dorof., s#20Kapnibi. 5—/4 H3 OypbIx yrse c. AHTpoOnoBO, OCTaJIbHOe — H3 TVIHH 
qn. Huxuasa IIpucranb 


JLAH, T. 137, Ne 4, Topodees 


a 


[creer 


_@jopa u3 ropu3onta | y 4. Huxusaa IIpuctanb axanormuna qbope 7. Be- 
oApku Ha p. Tape (°). Takue xe duopbl NomyyeHbI MHOIO. M3 HeEGOMbUINX O6- 
pa3lloB MOpod, coOpavHbIxX CBepAOBCKMMH reooraMH y A. Sanyrosoit, A. Bacp- 
OBO, paciolOx*KeHHBIX m0 p. Tape Bplilec. AuTponoso. STo — nanGovee ppes- 
we AOPbI U3 BCeX lO CHX MOP U3BECTHBIX TpeTHUHEIX cbuop 3anaqHoli CuOupn, 
Tak KaK B HUX, KpOMe OObIGHbIX APKTOTPeTHYHbIX IJIEMCHTOB, pacipocTpaHeH- 
[HEIX TIO BCeMY OJIHrOWeHy HW YaCTHYHO COXpaHAIOWMXcA JO KOHIa MMoleHa, 
MeIOTCA O4CHb APXAWUHble BUAbI, CBOMCTBEHHBIC TOJIbKO pacCMaTPpHBaemol TaB- 
JMHCKOU TOVINe, A ITH BULLI, HampHmMep Sparganium elongatum, Potamogeton 
‘tavdense, Najas tavdensis, Sagisma tavdensis, Epipremnum rugosum, Nuphar 
‘sibiricum, mpoxo,aT no BceM TaBAMHCKNM ciopam. HecomHeHHO, uTO xors Obl 

'B KaKOH-TO cTeneHH MpaBbl MeCTHBIC PeOOrH, COMOcTaB/AIOWMe PpaccmaTpuBae- 
“Myio TOJULy C YeraHCKOl CBHTOM. Ofnako yeraHcKad CBUTa COOTBeTCTBYeT BepXHe- 

My 301leHy H HM KHeMY OJIMrOWeHy; PIOpbI M3 SOWeHOBON YaCTH YeraHCKOH CBAToI 
_XapakTepusyiorca elle Ooslee APXaH4HLIMH JICMCHTAMH M B WeOM 3aMeTHO OT- 
saaaiorcs OT BCeX Ha3BaHHbIX TABAMHCKHX (Op, KOTOPbIe B OCHOBHOM Xapak- 

‘TepH3yIOTCA OJMTOleHOBbIM KOMIJIEKCOM BUOB. Bo3moxKHO, KOHE4HO, 4TO pac- 

CMaTpHBaeMadA TaBAMHCKaA TOsa ABJIA€TCH KOHTHHEHTaIbHOM dallve Bcero 

‘NeraHa, HO Ckopee Bcero ona, OyAyaH yrKe HECOMHEHHO KOHTHHEHTAJIbHOM Tos- 
‘Wei, 3aBepulaer yerancKyio CBUTy M COoTBeTCTByeT ee OJIMPOWeHOBOH yacTH. 
‘Bonee Toro, mpv coppeMeHHO M3y4eHHOCTH MaJieoreHoBbIX op SanaqHon 
Cu6upu u Ka3axctaHa Bo3pacT pacCMaTpHBaeMOM TaBAMHCKOH TOI MOxKeT 
‘ObITb OMpefeneH elle B OUCHb WIMpOKUX Mpesenax — OT HMXKHErO JO cpesHero 

OHrolweHa. ‘ 
| nope 43 KkyTaH6ymakcKOM HM YANHKTHHCKOM CBUT B SanagqHol CuOupu ene 

“Hev3BecTHbI. HeusBecTHbI TakxKe HW CPPOPbI H3 ATMbIMCKOM CBUTHI, UCKJIIOUHTEbHO 
“CHOupcKON, XOTA 9TO HA3BaHHe PUrypupyeT BO BCeX MeCTHbIX cxeMax. Ecsim 3Ta 
ATJIBIMCKaA CBUTAa COOTBeTCTBYeT KyTaHOymakcKoH cBuTe Ka3axcTaHa, TO, no- 

‘BUMMOMY, HOBOMMXaliOBCKad CBUTA (cpeqHuu — BepXHHit OnMToueH), K KOTO- 

‘pot sp Sanaguoli Cu6upu ornocatca dbnopHl marepuocaycKas, pexenckan (°), 

TbIMCKHe (°); KO3IOJIMHCKMX MecKoB (7), COOTBETCTBYeT YHMJIMKTHHCKOM CBHTE. 

A6OpocuMoBcKad CBUTa, CTpaTOTHNOM KOTOPOH ABAAIOTCA OypoOyrovIbHbie 

TuiMHbI c, Exatepuuunckoro Ha p. AOpocumoske c mucToson (14) H cemeHHol (*) 
idiopamu, cuOupcKuMM reowOraMH BKJIIO“aeTCH B HOBOMHXaHJIOBCKY!O CBH- 

Ty (?, 18), xoTa rophl 9TorO TuMa, COXpaHAA OCHOBHOM COCTaB HOBOMHXaliJIOBC- 
KHX dslop, HeCKOMbKO GeqHee MX, MH H3 HHX B AOPOCHMOBCKHe He MepexoLAT pay 
opm. 

_ Jawai u mecxu c. Kupeescxoro ua p. O6u, oTHOCHMbIe reooraMu K 3HaMeH- 

CKO, 3ATbKOBCKOM H Apyrum cBuTamM osMrouena (1, 9,19) anu nuMouena (*, 8): 

cojlepxKaT pasiMuHbte dropnr (1°), BocmpoH3sBO_AUIHe KaKOH-TO HOBbIM, CKOpee 

BCerO MHOUCHOBbIN, a He BEPXHEOJMTOMCHOBLIN 9TAN B Pa3sBUTHH 3anayHo-cHOup- 
‘CKOU TpeTHYHOK dropEl. O6a ropH30HTa OxapakTepH30BaHbI NaleoOoTaHHyeckH 
M XOPOUIO BLIepxKUBaIOTCA B CBOAHOM paspese Ganazuoi Cuoupu. 

_ @nopsi c. KoxesxHnkozo 4 Boponoso ua p. OOn MHe HeM3BeCTHBI, HO, CyAA 
mio fanupm I]. A. Huxutuua (1%), B pany TpeTuaHbIx daop SanagHok Cuoupu 

OHM 3aHHMaIOT MeCTO Mex*KAy KHpeeBCKHMH H OeleyJIbCKHMH. 

_ SBemeyabekaa cButa, oTHOocHMasx K Mauoneny ('7,1) uu kK onMroueny (1°), 
‘OXapakTepH30BaHa OYeHb OO2HCHHbIMH, C MaCCOM COBPeMCHHbIX HM OH3KUX 

‘K HMM BoB Piopamuc. UepHonyypa, A. JIexanku, 7. Ucaxosxu, c. Kaptaueso 

‘p. Upremie. Janupie 06 stux duopax ene He onyOMKOBaHbI, KpomMe HeOOubIION 
AMeTKM O cbiope J. Jlexanxu (*), xoTa onn ene B 1945 r. usyaanucb I]. A. Hu- 
ATMHBIM, a 103fHee 4 Apyrumu UccaegoBatesamn. I]. A. HukutTun we cyyaiHo 
CUHTal OewleybcKHe cbOpbI MAMOWeHOBLIMH, TaK KaK OHH KaK HW BePXHeMHO- 
Wenosble duoppl YKpauupl u Lona, xapakTepH3ylOTCA NOYTH TVJIMOWCHOBbIM KOM- 
IJIeKCOM, H B BO3PaCTHOM OTHOMICHHH OHH MPHOMH3HTeJbHO COOTBETCTBYIOT EBPO- 
elickomy capmaty. Hy2KHo uMeTb B BHJY, 4TO B TO BPeMA CapMaTCKHe CeMeHHBIe 
Opbl emule He OblM H3BecTHEI, MosTOMy I]. A. HukuTHH mnuib OVeHb LMpOKO 
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OnpeseiHA OGL «MIMOUeHOBbIN» THN OeWleyIbCKHX *iop. TakxKe «nMOWeHO- 
BOHM» CUHMTaacb B TO BPeMA HM rHNNapHOHOBaA chayHa, KOTOpas, KaK NoKa3aNu 
6onee NO3LHHE HCCJIeOBaHHA, CBOHCTBEHHA H CapMarTy. 


Boranwyeckui wuncTturyt uM. B. JI. Komaposa Uocrynuso 
AkxanemuH HayK CCCP 2 XI 1960 
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pos, Becrxa. AH KasCCP, 1, Amma-Ara, 1951. 1° TI. A. Huxutun, JAH, 61, Ne 6 
(1948). 17 B. A. Huxoaaes, JAH, 58, Ne 3 (1947), %C. B.Cyxos, “Anres 
pec. wucceptraunH, M3. gan.-cu6. dua. AH CCCP, Hosocu6upcx, 1950. 39 B. A. XK a x- 
nos, JAH, 65, Ne 5 (1949). 
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Hoxnaym Akayzemun nayr CCCP 
1961, Tom 137, Ns 4 


CEOJOrHA 


Ji. H. JIEBEXEB 
MPOMCXO)KAEHME WEJIbB®A CPEJIHEFO KACHHA 
(II pedcmaeaeno axademuxom JI. H. Ulep6axceoim 21 VII 1960) 


Tak »Ke Kak H B J11060M ApyromM Mopckom Oacceline, B pesmbede JHa CpesHero 
‘Kaci MOMKHO BbIJCHTb CuleMyIOUlHe CCHOBHbI€ CTPyKTypHO-reomopdoornye- 
C€KHe SJIEMeHTHI: WiesIbc:), MATEPHKOBbIH CKJIOH H JHO BMajHHbl. 

Mend Cpequero Kacnua npeactapaset co6oH nNOoBepXHOCTb BbIPaBHUBaHHA, 
XOPOLIO BbIJe/AIOMLYIOCA Ha BCeX TpoduAx pesbeda Ha MOPA, COCTABJICHHbIX 
Ha OCHOBaHHU SXOJIOTHBIX CbEMOK C NIPHMeHeHHeM SXxOVJIOTOB-camonucieB, Oc- 
HOBHBIC MOpdomeTpuyeckue NoKasaTesM Wemba Ce LYIOUMe: LIMpHHA ero KOMeO- 
netcad OTI1 077 KM, yrou HaksOHA OT 3 No 12 MUH., riyOuHa nepernOa WeJb- 
tha (OpoBKu) mMeHsetca oT 50 go 135 M, cocTaBaaa B CpegHem 97,5 M. 

OTHOCHTeJIbHO MpOHCXO*KAeHHA Wiesbcda MOpeH WH OKeaHOB HaHGosbulee pac- 
‘HpOCcTpaneune 3a NocylesHee BpeMA NOMY4UAa PHMOTe3a, HO KOTOPOH mesbp OOpa- 
30BaJICA B pe3yJIbTAaTe SBCTaTHYeCKOrO TOsbemMa ypoBHA BOX Muposoro oKeaHa 
B TOcjemeqHHKoBoe Bpemas (7, 4). Muenve 06 aOpasHOHHO-akKYyMYJIATHBHOM 
‘HpOMcCxomeHHu welbda Kacnulickoro Mops ObliIO BLICKAas8aHO HeaBHO psiOM 
ucciegsopatenen (1°). CormacHo yka3aHHOH runoTese, OpoBKa wWesbida PopMu- 
pyeTcaA B 30He aOpasHOHHOroO BosselicTBHaA BoIH (!'). Pny6uHa 30HbI BO,HOBOrO 
BO3feHCTBHA paBHa 4/, — 1/, (°) WMHbI BOJHBI HM CocTaBineT AIA Kacnua 20— 
30 m (*). [lockonbKy cpequaa riy6uHa OpoBku paBHa 97,5 M, TO OYeBHAHO, 4TO 
YpOBeHb perpeccHBHOH CTaHH, Ha KOTOPOH NpoHcxo_uo topMupoBaHue Opos- 
KU, J\OJIKeH Obl] HAXOJUTECA EN Ha 60—70 m HuxKe COBpeMeHHOrO ypOBHA 
Kacnus. 
| B wikase ueTBepTHuHbIX OTMOKeHHH Kacnulickoro MopA mocejwe,HAKOBOe 
BpeMA COOTBETCTBYeT HCBOKacHMcKomy (°,1”). Ec mpHHATb, 4TO mlenbd Cpez- 
Hero Kacnua oOpasoBaJica OJHOBpeMeHHO C IWebiOM [pyrHx Mopeli, TO HajlO 
AONYCTHTb, 4YTO YKa3aHHbI BbILIe YPOBCHb CTOAHHA MOPA OTHOCHTCA K KOHILY 
XBaJIbDIHH WIM Hayaly HOBOKaCHHA. Ofnako, NO JaHHbIM pa3JIHUHbIX aBTO- 
pos (°,4”), B mOcjexBasIbIHCKOe BpeMA ypoBeHb Kacnuiickoro MOps He orly- 
cKaJicd HMxKe 12—16 M, a 9TO O3Ha¥aeT, YTO KPa ypoOBeHHOHM MOBepXHOCTH, 
BbIPaOaTHIBAeMOH B 30HE BOJIHOBOFO BO3AeCHCTBHA BO BpeMA perpecCHBHOM CTa- 
AMM MOCJIEXBaJIbIHCKOTO BpeMeHH OJMKEH Obi] HMeTb ruryOuHy 40—5O0 M. 

Kak ykKa3biBaJioCb BBIIMe, B HacTOAIee BPeCMA riyOHHAa OpOBKH pa3IH4Ha 
B pasHbIX y4dacTKax BoOeMa. BosbUIMHCTBO HCCJIeEOBaTeNel CBASbIBAaIOT KOJIeOa- 
HHA Kpasd wWebia c WudppepeHuUMpPOBaHHbIMH BePTHKaJIbHbIMH TEKTOHHYeCCKHMH 
apyoKkenuamy (*,1°,1), BepoaTHo, H B Cpequem Kacnuu MbI HMeeM JesIO c aHa- 
AOPH4HbIM ABeHHeM. McxoA M3 STOFO MOXKHO CielaTb BLIBO, YTO HOO OpoBKa 
UCIILITAIAa CTOJIb 3HAYHTEIbHY!IO AePopMallHio 3a MOCIeXBaJIbIHCKOe BpeMaA, HOO 
melbd OOpasoBaJicA paHbliie KOHIa XBaJIbIHH. 

HackoJIbKO BepoATHO MepBoe NpeMOMOKeHHe, MOXKHO CYAHTb JIMMIb Ha OC- 
HOBaHHM CpaBHeHHa Cc AecdopMaliveH ApeBHuX OeperosBbix JIMHHM Ha cywie. B pe- 
3yuIbTaTe MHOrOJIeTHUX pador I]. B. Penoposa, O. K. JleontTbezpa u yp. (°,1*) 
ycTaHOBeHO, YTO HOBOKACHHHCKHe UM XBaJIbINCKHe Teppacbl MOUTH Ha BCeM TI0- 
Oepexkbu Kacnulickoro Mops, 3a HCKJIOYCHHeM OTe/bHBIX CTpyKTyp Anumepou- 
€koro MOyOcTpoBa, MpakTHyecKH He JePpopMHpoBaHbl. OTHOCHTeNbHOe NOZHA- 
Tve HOBOKACNMHCKUX MU XBaJIbIHCKHX Teppac Ha AnmiepoHe He mpeBbiuaeT 6 m 
Asa HopoKactua H 12M Ad xBabInM. Mimeetcs, mpapya, u Apyran TouKa 3peHua, 
cOrjmacHoO KOTOPOH JomycKaioTca KONeOaHHA Geperoppix JIMHHKM Teppac HOBOKaCc- 
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IiMHiCKOFO HM XBAJIBIHCKOrO BPeMeHH, HO JlaxKe ABTOPbI 3THX B3IVIAQOB CUMTAIOT, 
qTO pa3sHulla B OTMeTKAX He MOKET MPeBblillaTb EMMHUM MeTpoB. B camo fese, 
K HACTOSILeMy MOMe€HTY Mbl HMeeM CYMMapHyl0 Te@OpMalHio JLPeBHUX NOBepx- 
HOCTei BbIPaBHHBaHHA B pe3yJIbTaTe BOSeCHCTBUA Ha HUX TEKTOHAYECKAX Tpo- 
ileccOB — Ha4yHHad CO BpeMeHH OOpasoBaHuA STUX NOBeEpXHOCTeH NO CHX_NOp. 
Uem peBHee MOBEPXHOCTb, TEM CHJIbHee OHA AeEOpMUupOBaHa, M eNO 3fecb He 


Maxaynana 


) rr 
ih \ 
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oy / Kapa-502a3" 


Puc. 1. Cxema nopexenua GpoBKH mempda CpeqHero Kacnua. a — 

OpoBKa wedlLpa C OTMeTKaMH rsy6HH, 6 — M306aTEI 10 WaHHDIM 

3XOJIOTHLIX mpoMepos. / — [IpenkaBKa3scKHH NepefsoBow nporu6, 
II — Kapa-Borasckult cBoy 


TOJIbKO B YMCHbINCHHH TeEKTOHHYeCCKOM AKTHBHOCTH K HaCTOSINeCMY BPeMeHH, 
a TaK?Ke HW B TOM, 4TO YEM MOVIO*KE NOBEPXHOCTh, TEM B TeYeHHe MeHbINerO Mpo- 
M@KYTKA BPeCMeHH OHA MOABeprasacbh BO3ACHCTBHIO TEKTOHHYECKHX MpOLMeccoB. 
[losToMy BIOJIHe MOHATHO, 4TO ECM CO BpeMeHH OOpas0BaHHA CaMOH MOWOON, 
XBaJIbIHCKOH, Teppacbl Npowio0 15—20 Thc. meT, TO ee Aecdhopmauua OymeT HH- 
YTOXKHA MO CpaBHeHHIO C JemopmMallueH OakHHCKOW Teppacbl, BOspacT KOTOpOH 
oxoso 500 Thc. meT. Takum OOpa30M, He OTPHILad TeKTOHHYeCKHX JBYMKeHHH 
B HaCTOSIee BPeCMA MH OJHOBPeCMCHHO YUHTHIBAA YMeCHbIUIeCHHe HX MHTCHCHBHOCTH 
¢ TeYeEHHEM BPeCMCHH, MOXHO CUMTATh, UTO JecsbOpMallNA HOBOKACNHUCKHX MW XBa- 
JibIMCKHX TeppacC HeSHauNTebHa HM COCTaBAAeT eCAMHMIUbI MeTpoB. M3 stToro 
cnelyeT, 4TO eCIH KONeOaHHA Kpasxt wesbcda MocTuraloT Ha COCeqHUX, OM3KO 
apyr oT Apyra pacnomowKeHHbix yyacTKax fo 40m, TO. wenbd oOpasoBanca 
B JOXBaJIbIHCKOe BpeMa. 

KakoBa Ke HAXKHAA BOSPaCTHAaA rpaHutta obpasonanna wmerbpar Ec nog- 
XOJMTb C TOUKH 3peHHA JepopMalun OeperoBblx JIMHHU, TO OKaxKeTca, ¥TO Gepero- 
Bbl€ JIMHHM BepXHeOaKHHCKOPO BOSpaCcTa HUMEIOT BECbMa 3HAUHTEJIbHbIe Mpeebl 
KOJIeOaHUA B Pa3HbIX yYacTKaxX NoGepexbaA; HaHOOMbUIad aMIVIMTya UX Tepe- 
MelleHHaA papa 600 m (1). [lockoubky TaKoli pasHHUubl B OTMeTKaX OpOBKH He 
HaOmMoMaeTcA, TO meh, OYeBHAHO, OOpasoBasicA B nOcMeOakHHCKOe BpeMaA. 
B mpomMexkyTke Mexy OaKHHCKHM HM XBa@JIbIMCKHM BPe€MeHeM, 10 JaHHbIM CyXo- 
IYTHBIX HCCeAOBaHHH, Olio YeTLIPe KPYMHbIX PerpeCCHBHBIX CTARMM HW Web 
oOpasoBaicsi B TeUCHHE OMHOM UNM HeCKOJIbKUX HS HAUX, BeposATHee BCero — 
B MOCJIeXa3apckyto. 
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Kak yka3biBaslocb BbUNe, pa3sIM4He OTMeTOK OpoBKH pA uccTeqoBa- 
releH OObACHAeT AucpepenUMpOBaHHbIMH BEPTUKAJIbHbIMH TEKTOHHYCCKUMH JBH- 
KCHHAMH MH Ha OCHOB@HHH CpaBHeHHA aOCOIOTHLIX OTMe€TOK OpOBKM MbI- 
PaeTCH ONPeMeHTb OTHOCHTeJIbHbIM XapakTep JBUXKeCHHH B PasHbIX OONAaCTAX 
$1011), Bo3HHKaeT BONPOC: JOcTaTOUHO JIM OMHMX aGCOMIOTHBIX OTMeETOK Kpast 
Hembia, TOOL! CyAHTb O XapakTepe TeKTOHMYCCKHX JBHxKeHHH? []paBuabHbIi 
ITBET HA HEFO MOXKHO JaTb TOJbKO B TOM CJly4ae, CCIM CPaBHHTb Be O6acTH 
> 3ABEJOMO H3BeECTHbIM XapaKTepOM TeEKTOHHYCCKHX JBHOKEHUL HW MOCMOTpeTb Ha 
ToBeyeHve OposKu. IIpu sToM yoOHee Bcero paccMaTpUBaTb OOaCTH C PaSHbIM 
PeOJIOTHYCCKUM CTPOCHHeM, Pe3KO Pa3JIHUHbIMH TeEKTOHHYeCKUMM JIBUXKCHHAMH 
1, KeNATebHO, C pasHbIMM PusuKO-reorpaduyeckumu ycoBuamu. B CpeqHem 
Kacnuaw 9TO palioH, MpusieratolwlM“ K CeBepo-BocTOuHOMy IlpeaKaBKa3bi0, H 
JaHOH, pacnosoxeHHbIM Ons 3am. Kapa-boras-Ton. Tepssii npeycrapaser 
so60H mpososmKenue I]pemkaBKasckoro Nepesosoro mporu6a, KOToppIl B TeweHHe 
scerO YCTBEPTHYHOTO BPeMeHH UCHBITHIBAI OOULYIO TeHAeHIMIO K onycKaHulo. O6 
JTOM TOBOPAT OOVIbUIHe MOUIHOCTH YeTBEPTHYHEIX OTMOKEHUH UM MOMOKeHHE peB- 
{UX OeperoBbix HHH. B oceBoh uacTH NpornOa CyMMapHBIe MOUIHOCTH 4eTBep- 
[HUHBIX OTMOKEHUM ocTuraioT 550 m (Arpaxauckui,nosyoctpos (°)). Mo noz- 
sxetam II. B. Meqoposa (**), OeperoBbie AHHHH XasapcKOoro H OakMHCKOrO Bpe- 
“eH pacnOvJlaraioTca B STOM palione Ha ruiyOnHe 110—200 u 200—300 m coor- 
3eTCTBEHHO. Kpome nporu6aHua B MomepeyHoM ceyeHuu Aa [IpeqKapKascKoro 
lepeqoBoro MmporHOa xapakTepHO TakxKe OOmiee MOorpy2xKeHHe B CTOPOHY MOps 
10 OCH mporHOa uM yBeIHYeHHe MHTCHCHBHOCTH OMyCKaHHA B yKa3aHHOM Ha- 
IpaBJICHHH. QTO TOKasbiBaeTCA HapaCTaHHeM MOILHOCTeM TPeTHUHbIX HW YeTBEp- 
[H4HBIX OTHOXCHHH B IOFO-BOCTOUHOM HalipaByenuun. Kpome Toro, aHHbie mo 
3peMeHH BOSbIMaHHA KaBKka3a Tak?Ke TOBOPAT O MHIpallHu 30HbI MAKCHMaJb- 
foro mporH6aHua B Mmope (%). 

BTopoH pation B reOJIOrM4yeCKOM OTHOIWeHHH MpescTaBaseT coOoH KpynHoe 

IlaTPOPMeHHOe NOMHATHE C OYEHb HeOOMbIMIOL MOLLHOCTHIO OCaOuHOrO Yexa 
oKxo0 1000 m Ha toxKHOM mOGepexbe 3a. Kapa-bora3-lon — no JaHubim Oy- 
veHHa KommamekcHol HedpTerasoBoH reomoruueckoh sKkcnequuuH AH CCCP). 
ITOT paHOH XapakTepuH3yeTCA OTHOCHTEJbHOM CTAOHJIbHOCTbIO; MOLHOCTH ¥eT- 
BEPTHUHBIX OTOKeHUN, HCKNOUAA yYaCTKH SPO3HOHHBIX BpPe3OB, 3eCb He3Ha- 
[HTeJIbHbI; Teppacbl pacimoOO*KeHbl Ha OLHOM YpOBHe H MO OTHOWeHHIO K TepcKo- 
Xymckomy patouy mpxnoguatt ("”). lo anHbm cyTwTOUHEIx Ha6moyxennh (’), 
aon mpon. Kapa-Bora3-lon ucnbiTpipaeT B HacTOsIee BPeMA NOLHATHE. 
_ Takum o6pa30M, eC CUNTAaTb, YTO TOJIbKO TEKTOHHKA BJIMAeT Ha rwtyOuHy 
}pOBKH, TO Ha OCHOBaHHH BCerO BbIMIeMSOKEHHOFO MOXKHO CieaTb BLIBOL, YTO 
3 MepBOM palione OpoBKa OMKHA HMeTb OONbUIyIO ryOMHy, 4eM BO BTOPOM. 
)yHako Ha CaMOM Jlee HaGvOMaeTCA Kak pa3 NpOTMBONOIOKHAA KapTHHa. Or- 
"eTKH OpOBKH Ha ceBepo-3anaye CpeqHero Kacnua B cpequem paBHbt 89 Mm, a 
fa toro-BocToke 117 m. Ha Ham B3riay, OObACHeHHe STOMY ABJICEHHIO Hao 
[CKaTb B pasM4HO (usHKO-reorpaduyeckOH OOcTaHOBKe Toro H Apyroro pakio- 
ta. Cepepo-3anaqHoe noGepexkbe Kacnuiickoro MOps XapakTepH3yeTcA HaJH- 
IM€M KPYMNHbIX peyHBIX apTepui, Takux Kak TepeK u Cysax. B mope sfecb no- 
‘TYMaeT 3HAYHTeIbHOe KOUIMYeECTBO OOJIOMOUHOTO MaTepHala H3 STHX PeK, a 
‘axe 43 Boru. CneqosaTesibHo, B 3TOM paliOHe JOJDKHI ObITh OOJIbIMe CKO- 
JOCTH OCAKOHAKOMJIeHHA B TeEYeHHe BCerO YeTBEPTHYHOFO BPeMeHH, BKJIOUAA H 
lacTOAMMA mepvox. MuTeHcuBHoe mporHOaHHe 3TOrO yuacTKa JOJKHO KOMIIeH- 
‘MpOBaTbCA He MeHee MHTCHCHBHbIM OCAAKOHAKOMNJICHHEM. 

Bmecte ¢ TeM, 10ro-BOCTOUHBIH paHOH XapaKTepH3yeTCA NOJHbIM OTCYTCT- 
MeM PC4HOPO CTOKA B HacTosiee BpeMA. CyleAbI JeATEJbHOCTH [peBHUX BpeMeH- 
(IX MOTOKOB CBHJeTeILCTBYIOT O TOM, UTO B Hadasle YETBEPTHYHOTO BPCMCHH STOT 
myacToK Kacnus cuaGxKavicd O6JIOMOUHBIM MaTepHaJiOM, HO OObeM ero Obl He- 
‘MauuTebHbIM. KowuuecTBO B3BeUIeCHHOrO BellleCTBa, MOCTyNaroilero B MOpe 3a 
geT aOpasHu OeperoB HM MeJIKOBOAHEIX yUaCTKOB Oaccelina, TaKxKe HeBEJIMKO. 
(meQOBaTeIbHO, CKOPOCTh OCA{KOHAKOIJCHHA B BOCTOUHOK uacTH CpefHero 
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Kacnna JOouxKHa ObITh HEOONbUIOH. B nob3y ITOFO 3aKJIOUCHHA TOBOPHT TAaK*Ke 
OOWIbHOe pacnpocTpaHeHue pakyIM B Mpefedax wWenbda Ha BOCTOKe CpeqHero 
Kacnua ('). 

Takum o6pa30m, eCIM CONOCTaBUTh MexKLy COOOM BCe Nepe4dHCJICHHBIe BbILUEe 
(baKTbI: TeoorH4¥ecKoe CTpoeHHe, C yueTOM OOMIMX TeHJeHIMH TeKTOHHYeCKHX 
BuxKeHuM, tbu3HKO-reorpadpuyeckylo OOcTaHOBKy C BbITeKaIolleH H3 Hee CKO- 
pOCTbIO OCaKOHaKOMIeHHA, TiyOuHYy OpOBKU,— TO BMOJIHe eCTeCTBeEHHO Haripa- 
IIMBaeTCA BLIBO O TOM, TO pasHHila TEKTOHHYCCKHX JBHXKCHHH M UX PeSyJIbTAaT 
B COBPeMeHHOM peuibede 3aTYIIeBbIBaeTCA HW axe COBCeEM CBOJMTCA Ha HET COB-| 
P€MCHHbIM OCagqKOOOpa30BaHHeM. KoueuHO STOT BHIBOX HE ABJIA€TCH YEM-TO HO- 
BbIM, OH JaBHO MpH3HaeTCA BCeMH HCCJIeAOBATeAMH, HO IPH aHaJIM3e TEKTOHH- 
yYeCKHX JBHXKeHHH B mpesemax Kacnulickoro MOps Kak-TO He IIPHHUMAaJICA BO 
BHuMaHHe. Ja BhIACHeHHA OOIeH HampaBJIeHHOCTH TeEKTOHHYeCCKHX JBMKeHHH 
B Pe€FHOHAIbHOM MvlaHe Halo, OY€BHAHO, CpaBHUBaTb OGO/aCTM C MpOUHMM paB- 
HbIMH YCJIOBHAMH, B YaCTHOCTH C MpHOJH3HTebHO OJMHAKOBbIMM CKOPOCTAMH 
ocayKoHakonueHua. Ec mocmoTpeTb Ha BocTouHoe nobepexbe Cpemunero Kac- 
MMA HW MpOahasIM3HpOBaTb NOBeseHHe OpOBKH, TO BHHO, 4TO B patione Manrpi- 
jlaka ryOuHa OpoBKH cocTaBiseT 85 M, a Ha tore BOCTOUHOK 4uacTH CpeqHero 
Kacnua, kak yoke yKa3biBasiocb, 117 mM; ckopocTy ocayKooOpas0BaHHA B OOOKX 
paiioHax MpHMepHO paBHb!,— 3Ha4HT, TlOBeseHHe OpOBKH OTpaxKaeT XapakTep 
TeEKTOHHYeCCKHX JBHKeHHA. M3 sTorO MOMKHO CAeNaTb BLIBOL, UTO yUaCTKH Ha 
MOPA, MpHwieraroumme K Maurbiiiaky, MCHbITHIBaIOT MOJHATHE MO OTHOIMNeHHIO 
K palioHy, Haxofaimemyca B mpefenax Kapa-borascKoro cBoya. OTOT BbIBOL 
BHOIHe COrmacyeTCA Kak C TeOJOrHYeCKHM CTpOeHHeM BOCTOUHOTO Nobepexkba 
Cpequero Kacnua, Tak HC JaHHbIMM Ha3eMHBIX PeOJIOrMyecKUX HCCJIeNOBaHHi. 

M3 Bcero u3sIOXKeHHOFO OTHOCHTeJIbHO MpoOvcxowKseHuA wena CpeyzHero 
Kacnus cley!oT KpaTKve BBIBOJII: 

1. Wend Cpenyero Kacnua aABsIAeTCA MOBEPpXHOCTbIO aOpasHOHHO-akKyMy- 
AATMBHOFO BbIPABHHBaHHA HW OOpasoBaJICA B pesyJbTaTe TpaHncrpeccuu. 

2. B dopmupoBaHnn Wwesmbcda Cpequero Kacnva MOXKHO BBIJeJIMTb Ba 9TaMa. 
[lepBbli COOTBeTCTByeT TpeAXBaJIbIHCKOMy BpemMeHH. Bo Bpema perpeccHBHOH 
(pasbl opMupyetca OpoBka Werbdpa. Dueprua rHApOMMHAMMYeCKHX Mpoeccos 
B 30HE BOJIHOBOTO BO3JeHCTBHA BbILIe SHEPrHH TeEKTOHHYeCKUX MpPOMeccoB, H. 
NOSTOMy OpOBKa COBPeMeHHOrO Wesbda, NepBOHavyaIbHO ABJIABUIAACA Kpaem 
MIpHOpexHOH OTMeJIH, HaxOHTCA mo Bcemy CpeqHemy Kacnuio nmouTH Ha OHOM 
yposue. Bropol 9Tan OXBaTbIBaeT XBaJIbIHCKOe HM HOBOKaCMMMcKOe BpeMA, OH 
XapakTepH3yeTcaA TeM, YTO Ha OpOBKy. Webda, BLIBEJECHHYIO H3 30HBI BO3eHCT- 
BHA BOJIH, BJIMAIOT TEKTOHHYeCKHE MpOMecchl HM NpoOlecchl aKKYMYJIAWHH, MpH- 
4eM pa3HHlla CKOpOCcTeH OCaqKOOOpas0BaHHA Ha BOCTOKe HM 3anage Cpeyuero 
KacnvA 3aTyWeBbiBaeT pa3HHIly B TeEKTOHHYeCKHX JBHXKCHHAX M@XKLY ITHMH 
oOacTAMH. 

3. Ja paBHIbHOrO pelieHHA BOMpoca O XapakTepe TeKTOHWYCCKHX JBH- 
*%KeCHHM TOrO WIM MHOPO y4acTKa [Ha MOPA TOMMMO aOCOJIOTHBIX OTMeTOK Kpax 
Wesbta HeOOXOJMMO YYHTbIBATh JaHHbIe MO reouOrHyecKOMYy CTpOeHHIO H la- 
Jeoreorpapun pwvieraioweh Cyl, pesyJIbTaTbl MOPCKHX reodusHyecKHX HC- 


cleqOBaHHH U COBPeCMCHHbIe CKOPOCTH ocayKooOpa3oBaHHa. 


MuctutyT reolorHH MW pa3spa6oTKH ropiouvx HcKONaembIx Hocerynuio 
AxkajemuH Hayk CCCP 19 VII 1960 
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Jakosa, IT. B. Aranosa, JAH, 129, N 5 (1959). UT. B. Yauunes, Tp. 
(dee) OKeaHONorHH, 22 (1957). Il. @. ®enopos, Tp. Teor. uncer. AH CCCP, 10 
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Hlornagn Ankagemun Hayx CCCP 
1961. Tom 137, Nb 4 


PEOJOTHA 


®. MAJIBKOBCKHH 


O MOJIO)KEHHM YPAJIBCKOrO APYCA TATAPHH 
B YHHOMLMPOBAHHOM CXEME TMEPMCKMX 
HW KAMEHHOYPOJIbHbIX OBPASOBAHHH 


(II pedcmaeaeno axademuxom H. M.¥Cmpaxoeum 1 X 1960) 


IliBarepHHOBbIM TOPpH30HT, KaK H3BECTHO, WMpOKO pacmpocTpaHen, nosTomy 
BbIqeeHHbIM C. B. HukuTunpm B 1886 r. oH NomyuH BecbMa INMpOKoe 4H crpa- 
BeJIMBOe MIpHsHaHue. L[eHHOCTb ero 3aksIOUaeTCA B TOM, 4YTO COM ero XOpOLiG 
ONpefeAIOTCA B MOJIEBLIX YCJIOBHAX TO cbayHe H MHTOMOFO-meTporpaduyeckum 
ICOOCHHOCTAMe 

Jlo uccnefopanui B. E. Pyxenuesa (°), a 3atem H. II. Tepacumopa (*) 
MOUTH Bce uccefoBaTenu CCCP nmpuxofusu K BbIBOLy O BepXHeKaMeHHOYrOUIb- 
HOM BOspacTe LIBarepHHOBoro ropu3oHta (D. H. Uepupnues, A. A. UltyKen- 
Sepr, M. 9. Honucxuh, J]. M. Paysep-UepHoycosa, T. WM. Jlo6pomo6osa; 
cs. Vi. Mupouos, VW. VW. Topcexui, JI. JI. Crenanos u gp.). 

B HactTosiljee BpeMA HaMH HaKOIVJIeH BECbMa OOMIMpHbIH MaTepHad IO Kep- 
4aM MHOPHX COT€H CTPYKTYPHBIX CKBAXKMH, MOSBOAIOIIMH Ha OCHOBaHHH u3y- 
qeHHA *by3yMHHUZ, OMMHOUHLIX, KYCTHCTLIX H MACCHBHBIX KOpasOB, 6paxuononk 
4 JIPyrUX OKaMeHevocTeli, a TakKXKe aHANH3a JIMTOMOLO-MeTporpadHyecKUX H cpa- 
TMabHbIX OCOGeHHOCTeH IPHHATb UWIBarepHHOBbIli TOPH3OHT Kak ypasibexui 
apyc B COCTaBe BepXHe€KaMCHHOYTOJIbHOrO oTJeWIAa. 

O6beM ypaubcKOTO Apyca pH STOM NoHUMaeTcCA B OOBEME 3 30H WBarepH- 
4OBoro ropH3oHTa cxembl JI. M. Paysep-UepHoyconolt uv WeuMTCA Ha FOPH3OHTEL. 

J{nA Kaxkoro U3 HUX XapakTepeH CBOM KOMMJIeKC (PayHBI, OTMHUYHbIM OT MOL- 
TH aIOllMX MH NWepeKPbIBatolllux OOpasoBaHHit. Tak, B HM2KHeM TOPH3OHTe T0AB- 
IAIOTCA HM JOCTHTaIOT paclBeTa WIBarepHHbl HU MCceBAOUIBarepHHbI, HeKOTOPpIe 
34[bI H BapHeTeTHI IceBzoy3syiuH (Pseudofusulina krotowi var. nux ‘Schellw. 
i Jip.), H€ H3BeCTHBIe HM2Ke, B NMCeBLOPY3YJMHOBOM FOPH30HTe; B CpeHEM Tro- 
DM30HTeMOABMIAIOTCA Map alliBarepHHbI M HEKOTOPLI€ HOBLIC BHLI NceBsopy3sy.1uH, 
oyrosopy3ymuuH (Ps. fecunda Scham. et Tscherb., Ps. rhomboides var meso- 
vachys Scham. et Tscherb. u p.), MaccHBHble mpH3sMaTHUeCKHe, KOpPaJLI powa 
rotowentzelella u 1p; B BepXHeM — HeKOTOpbie HOBBIC) BULLI nceBsopysy1uH, 
vyrosobysyHH, TpuTHuNToB (Ps. paragregaria var. ascedens Raus., Ps. ‘lutu- 
tiniformis var. pointeli Korzen. u gp.), npoTosoucfasenactpen (Protolonsda- 
eiastraea atbassarica Gorsk. u Jp.). 

BepxHeKaMeHHOYrosIbHbIi BOSpaCT STHX OTMOXKEHH yCTaHaBJIMBaeTCA MHO- 
‘OUHCJICHHIM KOMIIJIEKCOM HCKONAeMEIX, HM Mmpeske Bcero TpHTHLMTaMH (Triti- 
‘ites arcticus, Tr. acutus, Tr. stuckenbergi, Tr. jigulensis, Tr. volgensis, Tr. 
\seudoarcticus, Tr. schwageriniformis M Macca Jipyrux BHMOB), pyrosopy3ynu- 
tamu (Rug. prisca, R. aktjubensis, R. stabilis, R. serrata, R. latioralis u gp.), 
IceBlopy3 yIMHaMu (Ps. eee Ps. gregaria, Ps. paragregaria, Ps. tschernysche- 
vi H Ap.), Haukcnuamu (D. sokensis, D. baituganensis), KBasupy3yHHamMH 
Q. longissima u gp.), y3yauHernmama (F. pulchra, F. usvae), mry6ep- 
renmamu (Schub. obscura, Schub. giraudi u gp.), dy3venmamu (Fus. granum- 
myzae, Fus. typica u ap.), o3aBauHesmmamu (Ozaw. angulata u ap.). 
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TlogrBep»«laloT BepXHeKaMeCHHOYTOJIbHbIM BOSPacT ypaJIbCKoro Apyca TakxKe 
OMMHOUHLIe KOpasabt — Bothrophyllum conicum, B. pseudoconicum, B. 
schmidti, B. volgense, Caninophyllum kokscharowi, C. volgense, C. socialis, 
C. yerneuili, Timania schmidti, Amygdalophylloides ivanovi, Meniscophyl- 
ium cansuense, Pseudobradyphyllum nikitini, Campophyllum schrencki, Lopho- 
phyllidium yakovlewi u ap., KycTucTble Kopasmbt — Tschussovskenia ca- 
ptiosa, 6paxuonogzp — Enteletes lamarcki, Meekella uralica, M. exima, Cho- 
netes uralica, Neophricodotiris asiatica, Ambocoelia tschernyschewi u Ap., 
ractponogzpt — Omphalotrochus withnei var. rossica, Pleurotomaria conicus, 
u Jip., urmoKoxue — Archeocidaris rossica u Ap., MulanHku — Ascopora traut- 
scholdi, A. nodosa, Rhabdomeson sp. sp. 4 Ap. HCKOMaembIe, THIMYHbIe JIA BepX- 
HCKAMCHHOYTOJbHEIX OTIOKCHHH WM BCTPeYeHHbIe BO BCeM OObeEMe ypasIbCKOrO 
apyca H, Kak M MepeuHceHHble BLIMe PySYMMHUALI, OTCYTCTBYIONIME BbILNIe KPOB- 
aM ypanpcKoro sapyca. Ja ypabcKoro apyca xXapakTepeH CBOM KOMMJIeKC 
PayHbl, OTMMUAIOWMicA KaK OT KOMIIeKca :bayHb! NOACTHaloulero MKebCKOFO 
apyca BepXHero KapOona, TaK M OT KOMMeKCa cbayHbI MepeKpbIBalOMero CaK- 
mMapcKoro apyca HWKHeH MepMH. | 

OT MCKOMaeMbIX KACHMOBCKOFO HM PKEbCKOTO APYCOB ypaJIbCKMH KOMMVJIEKC 
payHbl OTMM4aeTCA NOABMeHHeM wBarepHH (Schwagerina fusiformis, Schw. 
constans, Schw. sphaerica, Schw. pavlovi, Schw. ex gr. vulgaris, Schw. mdlle-. 
ri (?) Raus.), mceBgourparepun (Pseudoschwagerina primigena, Ps. ex gr. muong- 
thensis, Ps. beedei), mapamparepuu (Paraschwagerina akhunovi, P. ex gr, 
mira), HOBbIX BHJOB HM BapveTeTOB mceBgopy3yuuH (Pseudofusulina krotowi 
var. nux, Ps. fecunda, Ps. rhomboides, Ps. paragregaria var. ascedens, Ps. 
lutuginiformis var. pointeli 4 ap.), HeKoTOppIx pyrosopy3syaunH (Rugosofusu- 
lina schikhanensis, R. tajrjukensis u 4p.), MpH3MaTH¥eCKHX KOpadJIOB PONOB 
Protowentzelella (P. lentosa, P. vesiculosa, P. longiseptata), Thysanophyllum 
(T. aseptatum, T. cystosum), Diphystrotion (D. rossicum), Wentzelella 
(W. magnifica, W. grandis, W. pseudoelegans, W. timorica, W. gigantea 
sp. fl. H Ap.), aCTpeeBHAHIX KOpasm0B pogoB Cystophora (C. monoseptata, | 
C. biseptata), Protolonsdaleiastraea (P. atbassarica). | 

CneoBpaTeibHo, Ha rpaHl MMKeJIbCKOFO HM ypaJIbCKOrO BeKOB Ha TeEPpUTOPHE | 
TaTapWH MpOv30la JOBObHO pe3KaxA CMeHa (ayHbl. Euje Oomee peskaad cMeHa 
*payHbl MpOM30uWIa Ha PpaHH ypasIbCKOrO HM CaKMAPCKOTO BeKOB. | 

M3 KopanioB B CakMapcKoM Apyce TaTapHu mpoomKatoT cylleCTBOBaTD, 
Kak P@JIMKTOBbIe, PeKHe BeHTICJCIIbI A WMCTOPOph, yale mpescTaBseHHbIe 
HOBbIMH BUaMH, HM HCuesalOT MOUTH BCe BULLI Py3y HHH WBarepHHOBOH TOJUIM. 

B cakMapCkHit Bek B TaTapHH WM CMexKHBIX C Helo OOaCTAX HM peciyOmuKax 
OTMEYCHO HOABJICHHE HOBLIX POJOB HW BUAOB, He H3BECTHbIX JO CHX NOP B ypab- 
cKOM spyce, Kak-To: Parastaffella sphaerica, P. yobarensis, P. waageni, Syno- 
phyllum acostatum, Amplexocarinia muralis, Cystophora wisheriana, C. brae- 
viseptata, Wentzelella longiseptata, Griffitides gemmoloroi, Productus ju- 
resanensis, Pr. tuberculatus, Orionastraea stuckenbergi etc. 

O KaMeHHOyrOJIbHOM BO3pacTe ypaylbcKOorO sApyca TrOBOpHT u OTCyTCTBHE 
B HEM MiceBlopy3yIMH, XapakTepHbIX JJIA CaKMapCKOFO H AaPTHHCKOFO Apycos, 
a umeuHo Pseudofusulina midlleri, Ps. callosa, Ps. urdalensis, Ps. plicatis- | 
sima u Ps. karagasensis. 

Ilo auronoro-netporpapuyeckHM OCcOOeHHOCTAM ypaubCKHit apyc TaTapuu 
CXOJleH C KACHMOBCKHM MW MKeJIBCKHM ApycaMu UM c0x%KeH 70-meTpoBoH Tomer 
U3BCCTHAKOB, JOJIOMHTOB H MepeXOAHbIX MeXKAy HAMM pasHoctei. IIpu sToM AA 
ypaJbcKoro Apyca XapakTepHO TO, 4YTO MpOCJIOAMH M y4acTKaMH KapOoHaTHbIe 
MOPOAL! OKPeMHeHEI. OTO OTMM4AeT YPANbCKUM Apyc OT MOpO KaCHMOBCKOrO UH 
MKEIbCKOTO Apycos. Cpequ OKPeMHEJbIX MpocMoeB ypabCKoro Apyca MMeIoTCA 
Ba, HavOoulee BbIepKaHHble BO BPeMeHH H B Mpoctpauctse. IIpoco oKpeMHe- 
NOrO, CBeTIO-ceporo, C TOyOOBAaTbIM OTTCHKOM JLOJIOMUTA JIM M3BeECTHAKA B 
cpeqHei wacTM Cpequero TOPH30OHTa HAMM MPHHAT B KavecTBe OCHOBHOFO MapKKH- | 
pytollero TOPH3OHTa KAMCHHOYYOVIbHbIX H MepMCKHUX OOpa3soBaHH Tatapuu, 
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a MOCMeAHHK U3 OKPeCMHEMbIX MpOCOeB, IpHypO4eHHbI K KPOBse Apyca — B Ka- 
YecTBe NepBoro MapKHpyioulero ropu30HTa. BelfepxaHHOCTb HM HOCTOAHCTBO 
STHX TpocioeB MO3BOIHeT PeCKOMCHJOBaTb HX B KayecTBe HaHOouee LEHHbIX 
MapKUMpyIOUlHX TOPH3OHTOB Masieo30A Mp CTPYKTYPHHIX MOCTpoOeHHAX. 

Ecam KapOoHaTHble MOpOAbI KACHMOBCKOYO, FKEebCKOFO MU ypaJIbCKOTO sApy- 
COB ABJIAIOTCA OTJIOXKCHHAMH MCJIKOTO STIMKOHTHHEHTAJIbHOIO BepXH€KaMeHHO- 
yIOJIbHOrO MOPA, TO MepeKpbIBaIOWIMe ypaJIbCKHH ApPyc COM CJIOKeHI AHTH- 
PuTamMM HM runcaMH C MpOCcJOAMHM MeJHTOMOPHEIX JOJOMHTOB H ABJIAIOTCA 
MpOLyKTaMH OTJOKeHHA MOPA — MaryHyl. 

OueBHAHO, UTO Ha TpaHH ypasbcKoroO HM CaKMapCKOTFO BeKOB MpOH30NIWIE 
peskue TEKTOHHYECKHe NOABUXKKH, IpeBpaTuBmine Ha PyccKol nathopme MevIKoe 
MOpe B MOpe-slaryHy. 

STO H ObIIO, NO HallieMy MHEHHIO, HauaJIOM NepMCKOrO HepHoga. 


Tocrynusio 
15 IV 1959 


"were 


UWAMTHPOBAHHAH JIHTEPATYPA 
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Jloxnxann Aragemun nayx CCCP 
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PEOJOrHA 
JI. A. HEBECCKAS » E. H. HEBECCKHM 


0 COOTHOWEHHM KAPAHIFATCKHX WH HOBOIBKCHHCKHX CJIOEB 
B MPHBPE)KHbIX PAMOHAX UEPHOFO MOPA 


(IIpedcmaeaeno axademuxom H. M. Cmpaxoseim 12 X 1960) 


Bonpoc 0 mepexoqHOo ar0xe Mey KapaHraTcKOl H HOBOSBKCHHCKOM cTa- 
usMu B pasBuTun UepHoro MOpAB JMTepaType OcBeljeH HemocTaToUHO. Henou- 
HOTA 3HaHHi 06 STOM OTPe3Ke BpeMeHH OObACHAeTCA TEM, 4YTO pa3MepbI OacceHHa 
B yKa3aHHy10 9T0Xy Obl MeHbINe pasmepoB coppemeHHoro UepuHoro mops, H 
BCe OTHOCALIMeCA K HEMY TOPH3OHTEI OCaKOB, B TOM YHMCIe H TpHOpexKHbIX, M0- 
KOATCH ceituac Ha He MOPS, MO NOKPOBOM MO3fHEHINHX YePHOMOPCKHX OTJIO- 
*KeHHH. 

To mpemcTaBmeHuio pala aBTOPOB, OMPeCHeCHHLIM HW H30JHpOBaHHbIM OT OKea- 
Ha HOBOSBKCHHCKHHM GOacceiH BO3HHK Ha MeCTe COJIeHOrO KapaHraTCKoro MOps 
B CHWy perpeccuu mocmeqHero, CBA3AHHOM C BIOpMCKUM OvleqeHeHuem (1, *). Ilo- 
enelOBaBlliad 3a 3TUM TpaHcrpeccHA uM BoccTaHOBJeHHe BocdopcKoro nmpouMBa 
MPHBeIH K OOpa3s0BaHuio CoBpemMeHHOro UepHoro mopa. 

Pa6OoTH 10 H3y4eHHIO NpHOpexKHbIX OTMOxKeHHH UepHoro MOps C MOMOLLbIO 
BHOponopuiHeBoH TpyOKH, mpoBesleHHble B 1955—1958 rr. MucTuTyTom oKeaHo- 
forun AH CCCP (°,4), Mo3BOJIMIM HeCKOJIbKO YTOUHHTb OTJEJIbHbIC STAMbI pas- 
BuTua UepHomopcKoro OacceliHa B yKa3aHHyl0 SMOxy. 

IIpu61u3uTebHO moO OceBOM YacTH KapKHHUTCKOrO 3asMBa Obl CemaH pa3- 
P€3 JOHHEIX OTIOKeHHH (puc. 1), MpH4uemM TpeMA KOJIOHKAaMM Obla BCKPbITa BCA 
TOMa OCANKOB BIWIOTh AO BeEpXOB KapaHraTCKHX TOpH3OHTOB (pu. 2). 

IIpu paccMOTpeHuH BCero paspe3a B WeJIOM MOXKHO OTMETHTb, TO 9TA TOINA 
MMeeT CJIOMKHOE CTPOeHHe HM MpeACTaBAeT TpaHCrpeccuBHy!0 CepHio OCAaKOB. 
XapakTepHbIM WIA Hee ABJIACTCH HaIMUMe PeMKTOB APeBHUX aKKYMYJIATHBHBIX 
Tel Tuma KOC, Mepecbinei uM T. M., MeperopasKHBaBIIMX 3a1MB B MpOLWIOM, 
ApH Oonee HH3KMX ypOBHAX MOpa. C ThIIbHOM CTOpOHbI K pewJIMKTaM TIPHMBI- 
KajoT JIMH3bI JIaryHHOro Ha, OOpas0BaBlllerocad B ApeBHUX sMaryHax. Takoe Co- 
weTaHhe (alu, MOBTOpsAiouleecd HA NPOTAKEHHH MpodusA uerbipexKparTuo, 
MOX%KECT CBHJCTCIbCTBOBATb O HepaBHOMepHOCTH MOpdosorMuecKkoro pa3BUTHA 
Oepera OT KOHIa KapanraTcKoro BpeMeHH JOHbIHe. TO 2Ke CamMoe ABJICHHE Ha- 
OmoaeTcd Ha MHOFMX Wpyrux GOeperoBblx yuacTKax. STO 3acTaBAeT npesno- 
fiaraTb, YTO B OCHOBe TaKOM HepaBHOMePHOCTH reomMopdoorMyeckoro Mpolecca 
A@KAI HEPpaBHOMePHEIH XOX YepHOMOpCKOl Tpancrpeccuu (°), B pasBHTHH KOTO- 
pOW CyilecTBOBaJIO YeTHEIPe STIOXH ycKopeHua. Bo BpeMA STHX 9MOX AKTHBH3H- 
POBaJICA Mpolecc mepecTpoHkKu Oepera, yCHIMBamMcbh aOpa3va, 9po3HA Ha, 
BAONbOeperoBoe NepemMeleHHe HaHOCOB U, B pesyuIbTaTe, HapacTamM aKKyMy- 
JATHBHBIC (OpMBI. CBoeH MOposorHyecKOH 3peOCTH AaKKYMYJATUBHEIe (OpMBI 
AOCTHTAaJIM YKe, MO-BHMMOMY, B Il€pHObl COOTBETCTBYIOINUX 3aMeVICHHH Tp aHc- 
MpeccHH, a B JabHeHWIeM MpOMOuKatouleecA 3aMeVJIeHHe TpaHcrpeccHu cormpo- 
BOKMalOCb BbIPaOOTKOH NpOpwieH paBHOBeCHA NOABOAHOTO CKOHA, HCTOIIe- 
HH€M MOTOKOB HaHOCOB H, BO3MOX%KHO, Jlerpamaliveit HU YaCTHYHbIM pa3MbIBOM 
aKKYMYJIATHBHBIX (opM. Hopoe ycKopenne TpancrpeccHu MOrsO IIpHBeCTH K OKOH- 
aTeJIBHOMY 3aTOMJIeHHI0 erpadUpoBaBluiux (OPM H OAHOBpeMeHHO K OOpasoBa 
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HHIO YCJIOBHH, HeEOOXOAMMbIX AI pocTa UX HO- 
BLIX reHepauui. Ip sToM npowcxOsNJIO cMeneHHe 
OJHOTHMHEIX alu kK Oepery M OOpasoBbIBaJIMCb 
COMKHIC TpaHCcrpeccHBHble CepHu OCaKOB, no0f00- 
Hbie H300paxKeHHOH Ha mpodusie. 

BropoH XapakTepHol OcOOeHHOCTbIO OMMCbIBae- 
MOM TOJIMIH ABJIAIOTCH CpaBHHTeJIbHO MaJible MOLI- 
HOCTH BCKPBITbIX TOPH3OHTOB, XOTA 3HAUHMTeJIbHbIM 
M10 BEPpTHKaJIM pa3pe30M OXBATbIBaIOTCA COBpeMeH- 
Hbie, PeBHeYepHOMOPCKHe, HOBOSBKCHHCKHe 4H, 
4aCTbIO, KapaHraTcKue OTMOKeHUA Oe3 KAKHX-JIMOO 
MpPpH3HaKOB 3aMETHEIX TlepepbIBOB. 

Auamu3 ayHbl MOVJIJIIOCKOB, BbIOpaHHbIxX 43 
HanOoulee MOMHbIX KOJIOHOK, MOKa3aJi Cleqyroulee. 
B Hu3ax KOJOHOK OTMeY¥eH KomMekc Cardium edu- 
le — Dreissena polymorpha — Abra ovata; kpome 
PYKOBOAAMIMX BuLoB BcTpeyaioTca Mytilaster linea- 
tus uw pxg ractponog (Theodoxus sp., Hydrobia 
sp., Micromelania sp.). OQtoT KapanraTcKHi ober- 
HeHHbI KOMMJIeKC NMOCTelMeHHO TepexXoOJHT B KOM- 
muiexc c Dreissena polymorpha, B KoTOpoM, Kpome 
COJOHOBATOBOAHEIX Theodoxus sp., Micromelania 
sp., Valvata sp., BCTpeuaioTcA elle HM MopcKHe 
opment: Cardium edule, Lentidium maeoticum, a 
3aTeM U4HCTO HOBOSBKCHHCKMM KkommieKc c Mo- 
modacna caspia u Micromelania sp.; “3 fApyrux 
\Goulee peqKUX BUOB BCTpeyaioTca Dreissena po- 
lymorpha, Adacna (Adacna) vitrea, Ad. (Hypa- 
nis) plicata, Theodoxus sp. Cou, mpomexkyTounbie 
M@KLy KapaHraTCKHMH H HOBOSBKCHHCKUMH, COo- 
Repxauiue Dr. polymorpha u peakve mMopcKHe 
(PopMbI, MO2%KHO NpOBH3OpHO BbIeMTh Mod Ha- 
3BaHHeM KapKMHHTCKHX. 

Jlanbuetttiee U3MeHeHHe (ayHHCTHYeCKOTO Co- 
icTaBa B MOCJICEHOBOIBKCHHCKOe BPeMA IIO BeCbMa 
mocteneHHO. IIpH STOM MpouCxoJHJIO yMeHbIIeHHe 
HW MOvIHOe UCUeSHOBeHHe «KaCIMHCKUX» COJIOHOBA- 
TOBOMHBIX BYOB, a KOJIMYeECTBO CpeHe3eMHOMOp- 
CKUX MMIpaHTOB MOCJeOBaTeJIbHO BO3pacTaJo 
(puc. 2). B Kapkwuutckom 3aJIMBe rpaHulla Mex- 
AY KaJlaMHTCKHMH HM HOBOYPHOMOPCKHMH CJIOAMU 
(°) He BbIpakeHa OTUCTIMBO, TaK Kak 3ecb 
JIOKaIbHO HOBOYCPHOMOPCKas, a Tak?Ke MH COBpe- 
MeHHadA dbayHa MpecTaBJeHbl GeqHee, YeEM B OT- 
(KpbITOK YaCTH MOpA, Te BUbI, MACCOBOe pasBuTHeE 
(KOTOPbIX XapakTepH30BaIO Ha¥asIO HOBO-4epHO- 
(MOpcKOro BpeMeHH y OTKPBITEIX Oeperos (Pitar, 
‘Divaricella, Gafrarium), He uMeM 32eCcb cooTBeT- 
\CTBYIOWIHX YCJIOBHH, KOTOpble OnlIM Obl Owaro- 
\MPHATHHI JIA UX pacnpocTpanennaA. 

_ Takum o6pa30m, B OTKpbITOH uactu Uepxoro 
MOPA C TOJIHOH HECOMHEHHOCTHIO OOHAP y2KUBAaeTCA 
MOCTEMeHHOCTb CMeHbI (PayHHCTHYeCKUX KOMIJIEKCOB 
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MeCHHIX B CPpaBHHTeJIbHO MAJIOMOMIHbIX TOPH30HTaX OCaKOB. 
IIpu comocTaBeHHH MOMLHOCTeH TeX HJM MHbIX TOPH30HTOB Obia MpoBesena 
(HHTepNONALMNA Mey OTLCNbHBIMM CTAHIIMAMH — B YaCTHOCTH Mexy cTaHiHel 
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4 — pakyila; 


TIMHbI 


Puc. 1. Paspe3 JOHHEIX OTIOMKeHHH 


KapkuuutcKoro: 3auBa. / — mecok; 2 — raibKa 4 rpaBuh 3 — pakyuleuHEIt peTpHt; 


HI MOpcKOH; 6 — HJ JaryHHbii; 7— avTHpNUNpOBaHHble MpHOpexkHble OTMOKeHHA; 8&8 — KOpeHHIe 


MOJIJIIOCKOB OT KapaHraTCKOrO BpeMeHH lO CoBpeMeHHOM 3r0xu. MUntepecuo 
OTMCTHTb OOJIbINYy1I0 OLICTPOTY CMeHbI (hayHHCTH4eCKHX KOMMVJIEKCOB, 3aKJIIO- 


Ne 107, Ha KOTOPOH ObIJIM BCKPbITb! HHSbI HOBOIBKCHHCKOM HUCTOH TOM, u 
cranunelt Ne 112, rme 6bInH BCKPHITHI BePXH HOBOSBKCHHCKUX HJIOB Oe3 NpusHa- 
KOB pasmbiBa. C yyeTOM BOSMOXKHOTO STMSOAMYECKOFO JOHHOTO PaSMbIBa B Cepe- 


by 


Way 
a 


ZA3 
[e%o}4 
Eels 


Puc. 2. Paspes3 kooHKH cTaHiHH Ne 101, BsaTow ua ray6uHe 30 M 
B KapkwHutcKoMm s3anupe. JiiHHa KOMOHKH 302 cm. Cuaon: 
H4-KaQ — HOBOUCPHOMOPCKHe — KaJlaMHTCKHe, 6 — BHTA3EBCKHe, 
62 — 6yrascKHe, H3 — HOBO3BKCHHCKHe, Kap — KapKHHHTCKHe, 
Ke — KapaHratckHe. J — nui; 2 — necok; 3 — HHCTBIM mecoK HK 
necuaHbill wl; 4 — paxywia; 5 — yerput. 7 — Bugbl, Warowlve MaK- 
CHMYM TOJIbKO B paHOHax OTKpbITOH uvacTH Mops; JJ — BHpbI, Walo- 
Iie MaKCHMYM B paHOHax OTKPbITOH YaCTH MOPA HW 1OKHOK A WeHT- 
payibHOH uactax Kepyenckoro nponusa; J//] — Buabl, MaKCHMyM 
JIA KOTOPBIX TlajlaeT Ha OTKPbITyIO uacTb UepHoro mops, Kepuen- 
CKHI MpOJIMB WH Ha CeBepO-3anay MOps, BcTpeualoTca B A30BCKOM 
MOpe, HO TaM pefKH; JV — BHALI, KOTOpbIe MOryT ObITb WHPOKO 
Pa3BHTbI Y OTKPbITHIX GeperoB UepHoro mops, O6bNHO Ha rlyOHHe 
no 15—16 m, Ha ceBepo-3anage mops, B Kepyenckom mposHBe HU 
AsoBcKom mMope; V — BHJbl, MAKCHMaJIbHOe pasBHTHe KOTOpHIX Ma- 
qaeT Ha 3a1MBbI UepHoro mops; VJ — BuyzbI, alomlwe MaKCHMyM B 
A30BCKOM Mope, ceBepHOll HM IeHTpaibHol uacrax KepyencKxoro 
IIpOHBa HK B 3aiHBax UepHoro mops; V/J — BuybI, MAKCHMYM pa3- 
BHTUA KOTOPHIX MagaeT Ha A30BCKOe Mope, CeBepHy!0 uacTb KepueH- 
ckOro TpoHBa, TaMaHcKHi 3a1HB HW JiMMaHEI UepHoro mops; V/J/— 
BUbI POLOB, MpeACTaBHTe/IH KOTOPHIX BCTPeUaIOTCA HbIHE TOJIbKO 
B yuactkax UepHoro MOps, re HMeeTCA MOCTOAHHBIM MpHTOK mpec- 
HbIX Bon. A. f.— Abra fragilis Risso; A. o. — A. ovata (Phil.); 
Ad. p.—Adacna (Hypanis) plicata (Eichw.); Ad. v.—Ad. (Adacna) 
vitrea (Eichw.); C. e. — Cardium edule L.; C. ex.—C. exiguum 
Gm.; C. p.— C. paucicostatum Sow.; Dr. p.— Dreissena polymor- 
pha (Pall.); Dr. r.— Dr. rostriformis (Desh.).; L. m.—Lentidium 
maeoticum (Mil.), Lor. 1.— Loripes lacteus (L.); Ml. 1.— Mytila- 
ster lineatus Gm.; Mon. c.— Monodacna caspia (Eichw.); Mi.g.— 
Mytilus galloprovincialis Lmk.; P. r.—Paphia  rugatus 
(B. D. D.); Pt. r.— Pitar rudis (Poli); S. s.—Spisula subtrun- 
cata (Costa); m— Mowofb; ok — oKaTaHHBIe; 062 — OOOMKH. 
UlupHna AHHH, npegxcraBsOMHX Te WIM KHbIe BHR, XapakTepH- 
3yeT YaCTOTY BCTpeuaemMOCTH STHX BHAOB. TeppHTopHadbHO H cTpa- 
THrpapwyecKkH JaHHad KOIOHKa 61u3Ka K KONOHKe cranunH Ne 107 


AWHE HOBOSBKCHHCKOTO Bpe€MeHH HM Cpe3aHHA YaCTH HOBOSBKCHHCKUX HJIOB ObIJIH 


MOACHUTAaHb! CYMMAPHbI€ MOMHOCTH WJIMCTOM TOMI HOBOIBKCHHCKOrO Bo3spacra, 


Te OTCYTCTBYe€T PYKOBOAAMIMN AA COeB, MOACTHMAIONIHX WIM NOKpbIBalOulNx 
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Ty TouMy, Buy Cardium edule. 3 npopeseHubix noscueToB ycTaHoBJeHO, 4TO 
PeHAA MOUHOCTb HOBOIBKCHHCKHX HJIOB paBHa IpHo6susutTembHo 5 mM. V3 umeww- 
IMXCH B JHTepaType JaHHbIX U3BeCTHO, YTO CKOPOCTb O6pas0BaHHA WJIOB B MO- 
OOHBIX YCJIOBHAX MpHHuMaeTcA paBHon 1,5 MM B roy (*); Tora MOxKHO paccun- 
aTb, 4TO NPOMOMHKUTEMbHOCTh HOBOSBKCHHCKOPO BPeMeHH MIpHOJIM3HTebHO paB- 
a 3—4 ThIC. eT. CuntTas, cormacHo JIMTepaTypHbIM Janubi (1), uro oKOHUAaHHE 
(OBOSBKCHHCKOM SMOXH ObIIO OTeIeHO OT Halllero BpeMeHH MpoMexyTKOM 
5 TbIC. JIeT, MOXKHO B NepBOM NpHOHKEHHH CUNTATb, YTO OKOHYAHHe KapaH- 
aTCKOH SMOXM OTJeeHO OT Halllero BpeMeHH CpoKom B 8—9 TuICc. Jer. 
Ilo-BufuMomy, Mocule perpeccHv KapaHraTcKoro Mops, compoBoxaBulehcsa 
(pekpallleHveM HM2xKHerO TeYeHHA B BochopcKom mpomuBe WIM axe MOJIHbIM 
AKPbITHEM TIPOJIMBa, Havalach TpaHcrpeccHA, COBNaBIad C HauaJIOM TaAHHsA 
lequuka. Ilpu stom OacceliH Haceaa elie MOpCcKad KapaHraTcKkad dayHa, 
[0 OYeHb CHJIbHO OOeqHeEHHAA. 
' Bpictpoe BospactaHve Temla TpaHcrpeccuu, HMeBIIee MecTO OKO.IO 8—9 THIC. 
[eT Ha3afl, MO-BHJMMOMY, ObIJIO CBH3aHO Cc STOXOM HavOoulee MHTeHCHBHOFO 
@AtHuA JeqHuka. BacceHH 3Ha4dHTe/IbHO ONpeCHHJICA, YTO IpHBesO K BbIMUpa- 
MIO NlOCJIeqHUX TpelcTaBuTeweH KapanratcKol dayne (Cardium edule, Lenti- 
lium maeoticum). OtHoBpeMeHHO aKTHBH3HpoBaJIMCbh GeperoBple mpotleccni, 
ITO IIpHBewIO K pocTy OeperoBbIX AKKYMYJIATHBHHIX opm. B jabHeliliem Tem 
‘PaHCrpeccHu 3aMeVJIMJICA, UTO TlOBeIO K Aerpasauun aKKYMYJIATHBHBIX (opM. 
Jopoe yckopeHve B pa3BHTHH TpaHcrpeccuu mpoHsollo oKos0 5,5—6 Thic. 
feT TOMY Ha3aq. CBxa3b C MHPOBbIM OKeaHOM Yepes BoctbopcKH mpouMB Opisa 
SHOBb BOCCTaHOBJIeHa HM B UepHoe Mope CHOBa MpOHUKJIM CpeqH3eMHOMOpCKHe 
foulmocKH: Cardium edule u Ap. B janbHeltuiem Tem TpaHcrpeccuu yOpicTpsAcA 
(Bax db — oKosio 3000—3500 u oKxoo 1000 «eT Ha3aq,—4TO Hallo 
[3BeCTHOe OTPaxKeHHe B CTPOeCHHH TOV MpHOpexKHbIX OTJOMKeHH: HasMuHe 
XCTAHILOB (peJIHKTOB) APeBHHX AKKYMYJIATHBHBIX Tel, 3AXOPOHEHHbIX JOHHbIMH 
TIOMRKEHHAMH OeperoBbix ycTynos H T. J. Ilo cBoemy reoslorMyeckomy BO3pacTy 
sce STH MOPovIorMuecKHe IJIEMCHTLI, HECMOTPA Ha UX pasHOOOpasHe, MOryT 
ITh PacnipeeJeHbl MO YeTLIPeM CHHXPOHHbIM TpyniaM, H3 KOTOPHIX Kaka 
‘OOTBETCTBYeT ONpeevIeHHOMY 9TAaNy B Ppa3BHTHH OOUleH YepHOMOpCKOH TpaHc- 
‘peCCHH, OMHAKO NO ypOBHIO COBPeMeHHOPO 3aJleraHHA OHH Pa3JIMGHbI, YTO yKa- 
bIBACT HA HEOAMHAKOBOCTh HEOTEKTOHHYECKHX MOABMAKEeK B OeperoBoH Mosoce 
I OMHOBPeMeHHO JaeT BO3MOXKHOCTH OMpPeAeMUTh OTHOCHTEJIbHYIO BEJIMUMHY ITUX 
1OJBMKeK 3a NocMeHHe THICAYeNeTHA. 


VWucTHTyT OkeaHOJIOrHH TlocrymHo 
AxkayemuH Hayk CCCP 25 IX 1960 


LMTHPOBAHHAH JIHNTEPATYPA 


1A. ff. ApxauregpcKku ih, H. M. Ct paxos, Teomoruyeckoe cTpoeHHe 
}uctopua pasBpuTua Uepnoro mops, usa. AH CCCP, 1938. 2M. B. Mypatos, Bras. 
MOM, org. reom., 26 (1) (1951). 3 E.H. Hepecckuin, JAH, 112, Ne 3 (1957). 
E. H. Hepecec xu ii,’* Broma. Oxeanorp. Komucc. mpu Iipesuquyme AH CCCP, N | 
958). 5 E.H. Hespecckuit, Tp. Wucr. oxeanonorum AH CCCP, 28 (1958). 
Jl. A. Hepecckaas, JAH, 121, Ne 1 (1958). 710. B. Wepspouapng, Tp. Jiao. 
\gepopeneH. AH CCCP. Ne 2 (1953). 
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Jloxaaygn Akaxemun nayx CCCP 
1961. Tom 137, Ne 4 


PEOAOLHA 


A. H. CYBOPOB 


YCNEHCKO-AKTACCKAS JMHAMOMAPA PA3JIOMOB 
B WEHTPAJIBHOM KA3AXCTAHE 


(ITpedcmaeaeno axademuxom A. JI. Anwmuneim 15 X 1960) 


B 1956—1959 rr. Ha 3HauHTeIbHOH uacTH Cappicy-banxam-HypuucKkoro 
Boqopasqeia (B TpeyrombHuke Ycneucku — Kapkapasunck — KopispiiTy) Ha- 
MH TPOBOAWIHCb reoJIOoro-CbeMOUHbIe TEKTOHHYeECKHe UCCefoBanHHA. YCTaHOB- 
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Puc. 1. Cxema TekToHHuecKOoro cTpoeHHa paliona YcnencKo-AktTacckoH AHHAaMOMapbI pa3sJIOMOB. 
J — 30HbI NOAHATHH C MpeHMYUIeCTBeEHHBIM PaSBHTHeM CHJypa, Ha CeBepO-3anafqe — HH2xKHerC 
mavieosoa” WH pudes; 2 — KOHTYPbI HaJIOMKeHHHIX MyJIby D — Cy, mecramu Ce B mpefenax nogHA- 
THH; 3 — 30HbI MporHOos, 3ano/IHeHHbIX OOpasoBaHuamu Dg — C, u Dy-2; 4 — o6nacTb Npeumy- 
MeCTBeEHHOPO pacnpocTpaHeHHA BYJIKAaHOreHHBIX TOIL, BepxXHero Maeo30a; 5—rpabeubl AkTaccKor 
cO6poco-cABHrOBOH 30HbI B Mpefedax pacnpocTpaHeHHA BYJIKaHOreHHbIX MOpOM BepxXHero mMaseo- 
308; 6 — Kpynuble nosca repuHHCKHX rpaHHTOHAOB; 7 — 30Hbl JMHaMOMeTaMOpdH3Ma B M0: 
ponax S — D u Dj-2 )KakcpiraraMuckoro HagBuroporo nosca; 8 — pervoHaJbHble CABHTH ¥ 
c6poco-cypurn (Akracckaa 30Ha); 9 — cmeleHHbIe NO CBHraM MauKH ByJIKaHOreHHBIX NOpo] 
BepxHero navieosoa; JO — pasnombl )KaKcbITaraJIMHCKOrO HasBHroBoro Mosca (B36poco-cABHrH. 
HaIBHrH, CBHrO-HayBHrH); 1] — pa3ioMbl 6e3 mompaszeneHui; 12 — HampaBmeHHe cABUHTO: 
BbIX HM HaJBHFOBbIX CMeIIeHHH 


JI€HO, UTO [Be laBHble 30HbI pasJIOMOB STOH TeppHTopHw — YcnencKas vu AK: 
Tacckad — COCTaBAAIOT eAMHY!IO WMHAMMYeCKy!O CucTemy (4HHaMomapy). Kar 
MOKAa3bIBaeT MipHlaraemas CXxema (puc. 1), nepBad M3 HHX IMIpOCTHpaeTcaA K CeBepo- 
BOCTOKY, BTOpad — K CeBepo-3anayy, a BMeCTe OHH OFpaHHunBaloT OFpOMHYK 
o6acTb IpuOanxamiba, KoTOpaA B KOHIe Maleo30A JasleKo CABHHYaCcb B Ce 
BepO-3allaqHOM HalpaBJeHun. 
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_. Axracckaa 30Ha o6pa3oBana cepueii Pa3JIOMOB, MPHypOu¥eHHBIX PaBHbIM 
oOpa30M K MMOMlaqu pa3sBuTHA BepxHeMameo30licKUXx BYJIKAHOFeHHBIX TOJIIL. 
Anuua 30nbi npespmiaet 200 km, mupnHa 10—20 xm. 

Pasvlombl AKTaCCKOH 30HBI CeKYT MJIM OOpbIBaIOT HeCKOMbKO PerHOHaJIbHbIx 
2ICMCHTOB CTPYKTYPbI, MpOCTHpaloujMxcA C yoro-3alala Ha CeBepo-BOCTOK: 
HallpuMep, M3BecTHbIt KanqpipmuncKult rpanutupiit nosc, Ycneuckyto 30Hy 
(cM. HwxKe), OpTayleTIOKHHCKoe NOLHATHe UT. 2. Bce aTH 27IeMeHTH 0 pas- 
JIOMaM OKa3bIBalOTCA CBHHYTbIMA K CeBepo-3anaqy: KaseipMMHCKHi Mosc Ha 
12 kM, paccnantopanuble JeBoncKue abby3uBpr YcneucKoli 30HbI Ha 15—17 KM, 
a OTMCIbHBIE MaPKHPYlolllMe TOPU3OHTHI BepXHeMaseosolicKUx s@py3uli seBobe- 
pexba p. Toxpay — ua 20 xo. 


Meola Iori ela ices 
ae So eee eae 


Puc. 2. Menkve cKiaqKu HW TpeliMHOBaTocTb AKTaccKOli 30HbI pa3siomos. / — cABHrH 

WM COpoco-cyBurH, 2 — HayBurH, 3 — KOHTYpbI ckKlapzoK, 4— ocH cKslaqoK, 5 — Tpellu- 

HbI CKaJIbIBaHHA, 6 — TpellHHEI OTpHIBa, 7 — Jaiku, 8 — HanpaBleHHe CBHroB, 
6 — 9JIeMeHTEI 3asleraHHA 


CmecTuTeiu passioMop AkTaccKol 30HbI OObINHO KPyTHble, C yraMH nNayenua 
/(0—90°. IIpoctupascb B CeBepo-3amaqHbIX pyMOax, OHH pacmonaraioTca no 
THOWMEHHIO Apyr K Apyry B Wave Nok OCTpLIMH yrviaMu HM pa3OuBaloT sPy3HBbl 
3ePXHEFO MaleO30A Ha MHOFOUHCJIEHHbIe KJIMHOBHJHbIe OI0KH. B BepTHKaJIbHOM 
yaspese OJIOKH HMelOT XapakTep rpaOeHOB, TOPCTOB, MOHOKJIHHaeH, rpadeH- 
MHKJMHaseH, C yriaMu mageHva coes Fo 10O—20, unorga yo 30—35°. 

B odiy3uBax WMpOKO pa3BHTa TpelMHOBAaTOCTb TpeX TwlaBHbIX HallpaBuie- 
iui — CKaJIbIBaHHA (Be CHCTeMbI) H OTPbIBa (OfHa cucTema). B rpaHHTHbIX Te- 
lax HW ody3suBax HaO/OLaloTca NopdupoBbie Waliku cpesHero H KHCJIOrO CoCcTa- 
a, COBMajaiolve yallle BCero C TpeljMHamMu oTpbHIBa. Ha npoTsaKeHHH eCATKOB 
‘HJIOMETPOB TpellMHb! W Jaiku AkTacckol 30HbI pa3JIOMOB H CMe2KHbIX yYaCTKOB 
/ACHOJIOKUJINCL COOTBETCTBEHHO SJJIMICOHLY LepopMallult B yCJIOBHAX AeHCcTBHA 
OPH30HTAJIbHOH Mapbl cH (puc. 2 @). 

B Hw KesleKalluxX MeCuaHO-ClaHUeBbIX TOJULaX HWKHero KapOoHa — CHJly- 
a YIJIbl MaeHuaA CIOeB pe3KO BOspacTaioT Jo 50—70° u Gouee H Cpe CTpyK- 
YPHBIX C(OpM HauHHAaIOT MpeoOalaTh KpyTble MOHOKJIMHAIN. Slecb Ke HAaOJIO- 
aloTCA MeJIKHe, OCOOOrO BUJla CKJIaKH, TeCHO CBA3AHHbIe CO CJBHTOBbIMH Ha- 
YIeCHH AMM: TOPHSOHTAJIbHbIe CKAKH C KPYTHIMM, MOUTH BepTHKAaAbHBIMM Wap- 
WpaMv UM OMMHOUHIe AHTHKJIMHAJIbHbIe WIM CHHKJIMHAJIbHbIe H3PHObI Ha MOHO- 
JIMHAIAX; OCH MOCJeHAX, OTXOAA OT CMeCTHTeJeH CIBHTOB NOX OCTPbIMH yruia- 
M, AyrooOpasHo 3aTeM M3rvOaloTCA B HaMpaBJIeHHH CABHTOBOTO CMeleHHA U4 
epes 3—5 km ucuesaroT (prc. 2 a u 6). 

Hakonell, ele OMHHM HHTepeCHbIM SJIeMeHTOM AKTAaCCKOH 30HbI pa3JIOMOB 
BJIAIOTCA y3kHe (2,5—4 Km) H JMHHBIe (40 30—35 km) rpaGeHbl, pacnovloxKeH- 
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HbI€ BUOuIb lOro-3anagqnHoro Kpad 30HbI. [y6una rpaGexos Aocturaet 0,5—1 Km. 
Ou BBINOJIHeHBI, PaBHbIM OOpa3om, 9Py3HBaMH BepXHerO Masleo30x, COCTAaB. 
Wi MOWIHOCTH KOTOPHIX pe3KO OTMMUAIOTCA OT COCTABA HM MOIHOCTeH OMHOBOSp acT- 
HEIX OOPa3OBaHHii COCeAHUX MPHMOLHATHIX OJIOKOB. 

Bee v3o%KenHoe XapaKtepu3yeT AKTaccKy!0 30HY KaK 30HY CJIBHTOBBbIX 
Hi COpOcO-CABHTOBbIX HapylWeHHH, C KOTOPbIMM TeHeTHYeCKH CBASAHI BYJIKAHM3M, 
jlaikooOpasoBanke, CKaluaTOCTb MU TpelllHHHble AedopMauuu. CBoumy ocoben- 
HOCTAMH BCe STH ABJICHHA HOLYEPKHBAIOT CeUMPUKY CTPOeCHHA VM PpasBUTHA CIBH- 
TOBLIX MH COpoco-CABHIOBbIX 30H. 

YcnencKad 30Ha, KaK H3BeECTHO H3 pAa paOoT, npescTaBsAeT co6oH HayBU- 
rOBy!O 30HYy HH 30HY CMATHA. Oua BbITAHyTa Ha 245 Km (Jo AxTaccKuXx pas3vio- 
MOB Ha CeBepO-BOCTOKe) H HMeeT WHpHHYy OT 15—20 jo 40 xm. 

Ilo Ha6u0eHuAiM aBTOpa, 30HA COCTOHT H3 JByX TOJIOBHH — COOCTBeHHO: 
YcnencKoro mporv6a (Ha cepepe) u PKakCbiITaramMHCKOrO HaBHroBoro Mosca 
(ua tore). []poru6 BpimouHes sdy3HBHbIMM UM OCaOUHbIMM OOpasOBaHHAMH Jle- 
BOHA H, PlaBHbIM OOpa3soM, HWKHero Kap6oua. B cTpoeHuu HasZBuroBoro Mosca 
yuacTBYIOT HeCUaHO-CJIaHIeBble OTJIOKEHUA CUypa uM scy3suBbl culypa — Jle- 
BOHa HM JleBOHa. 

YcneHckuH mporvO mo cBoel PopMe B OAHUX MeCTAX ABJIAeTCA CHHKJIMHO- 
PHeM C Pa3PYIWICHHBIM 1O%KHBIM KPbWIOM, B APpyrMX — OAHOCTOPOHHHM paMiiom, 
6yayuH MepekKpbiT c 1oro-BocToKa noposjamuH )KakcpiTaramuHcKoro mosca. Be- 
JIMUMHA MepeKpbITHA, KaK MOKa3bIBaeT puc. 1, 3HAUMTeJIbHa HM B OTJCJIbHBIX y4a- 
cTKax JocTuraeT 7/3 M@aKCHMA@JIbHOM WIMPHHbI CHHKJIMHOPHA, T. e. mpHOmH3H- 
TeJIbHO 20 KM. 

ByjkaHoreHHble W ocaqOuHble MOposbl WeBoHa HU KapOoHa YcneucKkoro Mpo- 
rv6a CMATEI B pA KPYTbIX JIMHEHHBIX CKaOK HECKOJIbKUX MOPAAKOB, 3alpo- 
KMHYTHIX K CeBepo-3anaqy. HaksioH HX KpblubeB AocTuraeT 70—80°. CxnanKu 
COMPOBOXKAAalOTCA MPOOJIbHLIMM B3OpocaMH HM HaJBHTaMM CO CMeIIeHHeM B TeX 
*Ke ceBepo-3anaqHbix pyMOax. IlporH6 paBHOMepHO 3alOJIHeH STHMH CHJIbHO 
TlepeKaTbIMH CKJIa\KaMM, 4YTO CYIeCTBEHHO OTIMUaeT eFO OT OosIee MpoOcTo No- 
cTpoeHHoli AkTacckol 30HBI. 

B mpegenax KakcbiTaraIMHCKOro MOACa NOpOAL AUCJOWMpOBaHb Tak %Ke, 
a MeCTaMH M Oovlee HHTCHCHBHO, 4YeM B YcreHCKoM MporuGe. Han6onee 3HauH- 
TeJIbHaA POJIb 3feCb IPHHaLNexKUT B3OpocaM HM HasBuraM, OvlarofsapA KOTOPbIM 
CTpyKTYpbl HW B paspese H B Mahe HMeIOT YelllyuaTbLIi xapaxtep. MuTepecuo, 
4TO FOPHSOHTaJIbHble YellyH He NapadebHbI ocH Ycmeuckoro mporu6a, a OT- 
XOAAT OT Hero K 1Oro-3aMlayy MO, OCTpbIM, BCe Ooslee BO3pAaCTAaIONIMM yIJIOM, 
u3sruOascb Ip 9TOM AyrooOpasuo. Ilo HekoTopbiM H3 TAKHX pa3pbIBOB, HapALy 
C HafBHTOBbIMH MOABH2KKaMH K CeBepo-3anady, (PUKCHPOBaHbi HEOOJIbIUIMe CABU- 
rH K l0ro-3analy (BAOJIb mporu6a). 

B6Ou3H HanOoJlee KPYNHbIX pa3pbiBoB )KakcbiTarawHHcKOrO Mosca M HO 
IOKHOMY Kpalo YcheHcKoro MporH6a WHpOKO MpoOABHJICA AMHAaMOMeTaMopOusM. 
KapOonaTuble MOposbl BepXHero eBOHa — HWKHETO KapOoHa 3f,eCb MpaMopH3o- 
BaHbl, BYJIKAHOreHHbIe NOPOAb AeBoHAa H CHJIypa — JleBOHA TpeBpallleHbl B KBap- 
WeBO-XJIOPUTOBble, CePHILATOBbIe CaHIIbI HB MOpPupouAL. ITO TakxKe CHJIbHO 
oTumuaeT Ycnenckylo 30Hy oT AkTacckoil. 

Hecmotps Ha pe3skHe pa3iM4MaA JByX pacCMOTpeHHEIX 30H — YcneHCcKOl 
AxTacckoli — HX JIMHaMH4eCKOe eAMHCTBO B BePXHEM Masleo30e HeCOMHEHHO. 
Ovo onpetyenseTed culeqyioulumMH cbakTopamu: 1) ofHO3HayHO HanpaBseHHbIM 
mepemMeliieHHem Macc nopos [Ipu6anxamba kK ceBepo-3samaqy (BAOuJIb CABMTOE 
M COpoco-cABUTOB CeBepo-3ana_HOro MpocTupanua MH MO HaBuTaM CeBepo-BO- 
CTOUHOrO TpocTupanua); 2) OJIM3KHMM 3HaYeHHAMU AMITyA rOpH3OHTaJIbHbIX 
CMellleHHH Bomb AKTaCCKOM CABMTOBOH 30HbI HM To YcneHCKOli HaLBHTOBOM 30- 
He, H3Me€pAeMbIX COOTBeTCTBeHHO B 12—20 u 20 km. OueBuguo, riaBHbie pas- 
JIOMbI OOCHX 30H B BEPXHEM Masleo30e COCYMeCTBOBAJIH, a BOSHUKABIIHe B CBSA3E 
C HX Pa3BUTHeM HallpsxKeHHA MO-pasHOMy JelicTBOBaIH Ha JectbopMupyemble 
BYJIKAHOTeHHbIC HM OCaOUHbIe TOJUIM, B OMHUX y4YaCcTKaX CaBJIMBad HW CMHHAaa 
UX, a B ApyrHX TOABKO packKaJIbIBad HM CABHrag. 
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AnanorvuHble CO“eTAaHHA pa3JIOMOB TOrO WI MHOrO MacuITa6a (CyBHroB u 
iafBUrOB CeBepO-3anasHOTO HU CeBepO-BOCTOUHOFO MpoOcTHpaHHuit) WupoKko pac- 
IPOCTpaHeHb! H B Apyrux paiionax Llenrpasbuoro Kasaxctana. Ou, Mo-BUAN- 
fomy, BooOWle XapaKTepHbI Avid oOOnacTelH CKJaquaTO-ribi6oBoro CTpoeHHA 
; mpeoOlalaHueM CTpyKTYp ABYX WM HeCKOMbKUX Halipapmenul (Kasaxcran, 
Taup-[anb, Arae-Casupi). 

TlosBouaa Ooslee 61H3KO MOHATb 3AKOHOMEPHOCTH TIpOcTpaHCTBeHHOrO pas- 
MCCHHA pa3JIMUHBbIX CKJIaJOK HM pa3JIOMOB, 30H AMHaMOMeTaMOpdu3Ma UM Mar- 
“aTH4ecKUX (OCObeHHO MOMaHbIX sPPy3HBHLIX) MpOABJIeHHM, JMHaMOMAapbl 
YcmencKo-AkTacckoro THIa 3aCJly2KMBaIOT CaMOFO TIaTeIbHOrO U3y4eHUA. 


TeomoruuecKkKH HHCTHTYT Tocrynuso 
AxKagemau Hayk CCCP 11 X 1960 
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Jloxaagn Axaygemun nayr CCCP 
1961, Tom 137, Ne 4 


MHHEPAJIOLH 


JI. HW. AHAKHHA wu E. C. MAKAPOB 


QJIEMEHTAPHAS AYEMKA YMOXOHTA UO,Mo0,-4H,0° 


(II pedcmaeaexo akademuxom A. II. Buxoepadoseim 28 X 1960) | 

OrxppiTHi B 1953 r. Bpocbu u Keppom (7) HoBbii ypaHo-MoJIMOJeHOBbIM MH- 
HepaJI — YMOXOHT — 3a HoculeqHHe TOLbI Obl UCCMeAOBaH peHTrenorpaduyecku 
pxOM aBTopoB. OAHAaKO JO MocseqHero BpeMeHH OularosapA MpoTHBOpedHBOcTH 
3KCIeCPHMCHTAIbHBIX JAHHbIX efO SJIeMeHTapHadA AYeHKa He MOTa CUHTATbCA 
OKOHUATeJIbHO YCTAHOBJICHHON. 

B munepasoruyeckux Ta6smnuax I. Ulrpynua (*) npupogatca nepponauass- 
HbIe Januble Bpodu u Keppa (7), corsacHo KOTOPbIM YMOXOHT HMeeT reKCaroHadib- 
HYIO CTPyKTYpy HM pa3MepbI SuleMeHTapHol syeliku: a = 8,60; c = 14,45 A; 
cla = 1,681 

3atem B 1957 r. Komeman 4 Onuman (°) Halu, YTO YMOXOHT HMeeT MOHO- 
KJIMHHY1O CTPYKTYPy, OTHOCAMLYIOCA K MPOCTpaHCTBeHHbIM rpynmam C®,— P2, 
uma €?,,— P2,;/m w pasmepnl steixu: a = 14,30; 6 = 7,50; c= 6,38 Az 
B = 99°05’. 

Haxkoneu, B 1959 r. Kamu (*) cooOmH, YTO yMOXOHT HMeeT MPHMHTHBHYIO 
OpTOpoMOnueCKyIO SJIEMeHTApHYy!IO AYeHKY C MepHosamu: a = 6,32; b = 7,48; 
¢ = 12,4 u 14,5—17,0 A; IIpHueM 3HAUHTeJIbHble KOeOaHHA MepHoya c oObAC- 
HAJHCb pa3JIMUHbIM COMep%KaHHeM BOLE! B HCCIIeyeMbIxX OOpasiax. 

Hegasyo T'amusbtou u Kepp (°) nonbitaiuch CHCTeMaTH3HpOBaTb PpeHTTeHOB- 
CkHe Ja@HHble 110 MeXKIJIOCKOCTHBIM paccTOoAHHaM (d) H MHTeHCMBHOCTAM (/) no- 
POLIKOBBIX PeHTTeHOrpaMM OOpa3llOB YMOXOMTa M3 pa3JIMUHbIX MecTOpOKJeHHuH, 
BKJIOUaA HM MpelOCTaBJIeHHLIM B UX pacnopsxeHHe akag. A. Il. Bunorpayzospim 
oOpasel, yMoxouta u3 CCCP. Stu aBTopbl NpWuWIH kK 3akJIOUeHHIO O HeycTOHUH- 
BOCTH CTPyKTYpbl YMOXOMTAa TIO AeHCTBHEM PeHTTeHOBCKHX Jy¥eli, BCeACTBHe 
uerO CTPpyKTypa pacnafaeTcA Ha TPH MOAMUKALMUM, OTMMUAlOIMeca Apyr oT 
Apyra BesMunHO Mepvosac (cy = 16,83; c, = 18,99;cs = 21,53 A) u cocymect- 
BYy!OULWe B OJHOM H TOM Ke KpHcTasvie. 

B rylaHe CHCTeMaTHYeCKOFO U3yYeHHA KPHCTaIM4eCKUX CTPyKTyp YpaHOBbIx 
MHMHepaJIOB MbI IIpOH3BeIH onpeemeHve 9JleMeHTapHOM suelHKH MH MpocTpaxHCcr- 
BeHHOM rpyllibl OTeYeCTBeEHHOFO OOpa3ila YMOXOHTA, 106e3HO MpelocTaBJIeHHOrO 
Ham E. B. Komyenosor (Bcecoio3Hblli HHCTHTYT MHHepaJIbHOrO CBIpba). 

TlouwyueHHble HAMM OOpasilbl YMOXONTAa MpelcTaBaIH Cobo CpaBHHTeJIbHO 
KpyMuble (10 2 MM) OvlecTAMIHe NaCTHHUAaTble KPHCTaJJIbI YepHOFO WBeTAa C PuoO- 
JIETOBBIM OTTEHKOM. OTOOpaHHble TpH HaWJyYWIHX MOHOKPHCTasa pasmMepoM 
0,1—0,2 mm Opi uccIeqoBaHbI MeToZamu Jlay9, KoueOaHua, BpallleHuaA U peHT- 
reHTOHMOMeTpHYeCKON PasBepTKH CIOeBbIX JIMHHK 10 Jle-Moury u Boymany (B Ka- 
mMepe K®OP). Kpome Toro, Obl Mosy4eHbI MopourKoBble peHTreHorpaMMbl 
yYMOXONTA. 

Ilo cormacyrouumca Mexkyy co6o 9KCMepUMeHTAaIbHBIM JaHHBIM BCeX MeTO- 
OB, YMOXOHT OOJlaqaeT IPHMHTHBHOM MOHOKJIMHHOM CTPpyKTYpoH HM UMeeT CJle- 
“yroulve pasmepbl sueliku: a = 6,32; 6 = 7,50; c = 57,8 A; B = 94°. 

Haiiqennan nam Beimunna nepvosonaubcornacyetca c 3HaveHHAMH 6,38 
u 7,50 A, ycranopsenHEmu B padote (3), B TO BpeMA Kak TepHol Cc, NO HalllHM 
AaHHbIM, OKa3aJicA yueTBepeHHbIM. Ha peHTreHorpaMMaX BpallleHHa BOKpyT 
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CH C MMeJIHCb YeTKHe CiOeBbIe MHHU, Aalolwiue nepvod ugeHTH4HOcTu 57,8 A. 
[HAMIMpOBaHHe PeHTTeHTOHHOMeTPHYeCKHX Pa3sBePTOK AIA MMOCcKOCTeH OOpaT- 
(OH pellieTKH x* z* u y* z* NOATBepAUNO BeEMUMHY HalieHHbIX MepHoOsos. 

Benuunua yraa Bp Obiia HaliqeHa HaMH M3 CepHM peHTTeHOrpaMM KayaHHA Hi 
eHTTEHTOHHOMETPHUeCKON pa3sBepTKH B IIOCKOCTH xz. 

Ha ocHoBpaHuu CHCTeMaTH¥eCKHX NoracanHit (oTcyTcTBHe pedeKcos (0K0) 
HeveTHbIMH & uv pedbiekcos (A01) c HeyeTupImu /) Obiia onpedeseHa MpocTpan- 
TBeHHaA Tpymna ymoxouta: P2,/c. 

Ha oOCHOBaHHH SKCNepHMeHTaJIbHO YyCTaHOBJIeHHOH B padoTe (*) mioTHocTH 
MMOXOHTA, paBHOoli 4,50—4,66 r/cm®, MH HalieHHbIX HaMH pa3MepoB 9JIeMeHTap- 
(oH AYeHKH ObIIO paccuuTaHO 4uCIO PopmybHEIX rpynn UOMoQ,-4H.O 
} AUelike, KOTOPOe OKAa3aIOCb paBHbIM 15—15,3. 

B mpoliecce Hallux HCCIeqOBaHHii MbI He HaGwOLaIH pacnafa KpvcTaso0B 
/MOXOUTA Ha TPH MOJMHKALMN BCNeACTBMe AJIMTeIbHOFO BO3elCTBHA PeHTTe- 
IOBCKUX Jly4eH, KaK 9TO ObIIO yCTaHOBsIeHO B padoTe (°). MoHoKpHcTaJIbl yMo- 
(OHTA MOCJe AJIMTeIbHLIX SKCHO3MUHH (COTHH 4acoOB) JaBawH peHTTeHOrpaMmMHl, 
IHAJIOPMYHbIE MepBOHAYaJIbHEIM. 

B 3aku104ueHHe MIpHBeseM JaHHble TO MeXKIMVJIOCKOCTHBIM paccTosHusaMm (d) 
{ HHTCHCHBHOCTH HHAMUMpOBaHHBIX pediekcos (/), MoJIyyeHHble HAMM H3 T10- 
JOIIKOBOH PeHTTeHOrpaMMbI yMoxouTa (Ta6z. 1). 


Ta6auua 1 


MexnJIOCKOCTHBIe pacCTOAHHA WH HHTCHCHBHOCTH MHAHUMpOBaHHEIXx 
pedbleKcoB yMoxouTa 


hkl deuig d3xen | I | hki depiy dexcn | I 
008 ge? 7,20 10 510 124 | 32} 3 
410 4,83 4,82 7 518 fe 24 i Pal 2 
0.0.16 3,64 3,62 3 Ryka 4,18 AAT, fi 
424 il 3,22 ) e420 AA TA, 4 
425 30% 3,06 6 Bit 5 4,07 4,07 2, 
0.0.20 2,89 2,90 4 540 4,05 AP 05 4 
2419 2,58 2,60 2 614 4,03 4,03 4 
034 2,50 2,00 2, 0.4.48 4,04 4,01 2 
0.0.28 2,06 AA OM/ 7 ind! Gal 4,00 4.,00 4 
040 4,87 4,87 2 460 0,97 0,98 4 
444 4,80 4,80 3} 634 0,96 0,96 2 
Bish oalls AT, erie 4 6.3.12 0,94 0,94 4 
sales 4,66 4,68 4 6.3.16 0,92 0,93 4 
240 A G4 NSP) 3) 700 0,90 0,90 3 
400 SY 1,58 3 704 0,89 0,88 2, 
404 155 At fas; 3 720 0,87 0,87 4 
4.0.36 Ae 2, jh sy 3 730 0,85 0,86 4 
Pail sioVr 4,49 4,49 2 732 0,84 0,83 2 
0.0.40 4,45 4,45 4 Uses? 0,82 0,82 3 
0.4.28 4,39 4,39 3 660 0,80 0,80 3 
0.2.42 4,29 4,29 3 
500 1,26 1e25 2, 


Ilpuuocum Haity OnarogapHoctTp B. MV. lepacumoscKomy 3a uHTepec k paoore. 


WuctHTyT reOXHMHH H aHaJIHTHYeCKOM XHMHH Tlocrynuao 
um. B. HW. BepxagcKoro 28 X 1960 
Axkajemuu Hayk CCCP 


| 
LWMTHMPOBAHHAA JIHTEPATYPA 


| 1G. P. Brophy, P. F. Kerr, Annual Report for June 30, 1952 to April 1, 1953, 
J. S. Atomic Energy Comm. RME — 3046, 1953, p. 26. *® H. Strunz, Mineralogische 
‘abellen, Leipzig, 1957. °®R.G. Coleman, D.E. Appleman, Am: Min., 42, 
m(1957)) * SR: Kam hi, “Am. Min.,44, 920.'(1959). © RP, K. Hamil tion, 
Mreteerr, Am. Min. 44, 1248 (1959). 
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Jloxnxagn AnagemMun nayrx CCCP ® 
1961. Tom 137, Ne 4 


MHHEPAJIO[H A 


P. 1%. THXOHEHKOBA u M. E. KASAKOBA 


BJIACOBMT — HOBbIM CHJIMKAT WHPKOHWA H3 JIOBOSEPCKOrO 
MACCHBA 


(ITpedcmaeaeno axademuxom H. B. Beaoeoim 4 X 1960) 


IlpH u3y4eHHH KOHTAKTHBIX OOpasoBaHHi JloBosepcKoro maccuBa HetbesH- 
HOBBIX CHe€HHTOB B 1958 r. ofHUM 43 aBTopoB (P. II. TaxoHeHKoBo#) Onl BcTpe- 
4eH MHUHepasl, KOTOPbIi MO CBOHM CBOHCTBaM pe3KO OTJIM4AJICA OT BCeX H3BeCT- 
HbIX B MaccHBe MuHepasiosB. JleTabHoe HCCJIeqOBaHve MUHEpasa NoKasaNo, TO 
OH ABJIACTCA HOBbIM MHHepaJIbHbIM BHAOM HM OTHOCHTCA K pyle peqKUX CHIM- 
KaTOB IMPpKOHUA, NPHCyTCTBYIOWMX HCKJIIOUMTeJIbHO B IeJIOUHbIX Moposax. 

Munepadl Ha3BaH B UeCTb H3BeECTHOFO COBeTCKOrO MMHepasiora HW reoXHMHKa 
K. A. Bacopa, BHecliero OouIbUIOH BKJIa B U3yYeHHe MHHepaJIOrMH HM reoxXHMHH 
JloBo3epcKoro IeIOUHOrO MaccHBa. 

BwacoBuT BcTpeyaeTca B Ble HelpaBHJIbHbIX 3epeH pa3Mepom Jo 0,5 X 
<x 1 x 1,5 cM, B KOTOpbIX OTCYTCTByeT KpHCTalorpapuyeckan orpanka. Sep- 
Ha 4acTO OOpasyioT rHesqooOpasHble CKOMNeHuA BeHYHHOK 1—5S cm. Munepan 
mpo3spayeH, GeciiBeTteH. Meskve 3epHa HM NMepHdepHueckHe 30HbI KPyMHbIX BBI- 
WeeHHH OObIYHO OKPpallleHbI B CBeTJIO-KOPHUHEBbIM UWBeT, YTO CO3aeT BUH- 
MOCTb 30HaJIbHOrO CTpoeHHa. IIpu H3y4eHHH OKPaleHHbIX yUaCTKOB B WMpax 
HM HMMepCHOHHDbIX lipellapaTaX yCTaHOBJIeHO MpHCyTCTBHe MHOFOUHCJIEHHBIX MbI- 
JieBHJIHbIX BKJIIOUCHHH, KOTOPble B OTPax%KeHHOM CBeTe HMeIOT OypbI WBeT H, 
BO3MOXKHO, ABJIAIOTCA THAPOOKUCAaMu xwXese3a. 

BuacoBuT o6aqaeT ACHOH cnalinocTb1Io no (010), Ha maocKocTax KoTopok 
HaOMOMaeTCA CHJIbHbIH, CTeCKJAHHbIA OecK JO NepsamyTposoro. B aApyrux 
cKOIaX MMHepadl oOvlaqaeT 2KHpHbIM OecKoM. [M3JI0oM HepOBHbIM, 0 paKOBHCTO- 
ro. Tpepfoctb 6 (MuKpoTBepocTb, H3MepeHHad Ha mpHOope IIMT-3, paBua 
770 KI’ /m?). Yqenbubtli Bec 2,97 (onpeyeseH MeTOAOM PHApocTaTHYecKOrO B3Be- 
WMBaHusA). M3MeHeHHEIM CBeTJIO-KOPH4HEBbIN BJIACOBHT HMeeT HECKOJIbKO MeHb- 
mu yleibubili Bec (2,95). B yabrpadwomeToBbix Jyyax Mpo3spauHble Geci[BeT- 
Hbl€ KPHCTAJVIbl BJACOBUTA He JIOMMHECIMpyIOT, B TO BpeMA KaK H3MeHCHHBIe 
ydacTKH CHJIbHO CBeETATCA OPaHKeBO-XKeJITHIM LWBeETOM. BslacoOBHT NOYTH He pac- 
TBopseTca B HCl, HNOs; xopomo pactsopsetca B cmecu HF u H,SQ,. 

B Mpoxo,sulem N0JIspH30BaHHOM CBeTe MHHepad GecuBeTeH. Pa3mepbl 3epeH 
BapbupytT oT 0,2 xX 0,1 go 2,5 X 2 mm. Muxkpockonuuecku, NOMMMO TpeliHH 
ACHOM CilaWHOcTH, mapasenbHon (010), Ha6moqaeTcA BTOpan CHcTeMa BeCbMa 
HeCOBeEPUIeHHOH CiaHOCTH, BbIPaxKeHHadA peAKHMH TpeliMHamu. Yrow MexILy 
MJIOCKOCTAMM CHaHHOcTH paBex 88°.OriebHbIe paspes3bl BACOBUTA MMEIOT Xapak- 
TepHOe€ HEOHOPOAHO-NATHUCTOe CTPOeHHe, BbIPaKalOlleecA B HEOMHOBPeMCHHOM 
yracaHHu HW B BapbUpylOUleM ABYMpeJIOMJeHHH OTeJIbHBIX YUYAaCTKOB eAMHOFO 
sepHa. Kak npaByso, Takve pa3pesbl OO1aqaloT C/IOXKHOM, BETBHCTOH TpelllHHO- 
BaTOCTBIO. ; 

Baacoput — MuHepan omnrM4uecku ABYOCHbIM, OTPHWaTebHbI.— 2V = 
= 50-56", Nz = 1,628, Ny — 1,623, Np = iG0 Np —— pee 
TInockocTb onTw4eckux ocel MapamembHa AcHOM cnafinocra mo (010). Acnas 
AMCHepCHA ONTHYeCKUX ocel: p > v. 

Xumuyeckuit anaus (Taba. 1) BEINOAHeH H3 4HCTO OTOOPaHHbIX OeClBeTHBIX 
3epeH MHHepava. 
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CnekTpaJIbHbIM aHasIM30M JOnowHH- 


TeJIbHO YCTaHOBJIeHO MpucyTcTBHe cule- Ta6auna 1* 

mos Be, Pb, Sn, Cu. PesyabraTsl XAMHYeCKOrO aHamH3a 
Pe3ysIbTaTbl XMMMYeCKOrO aHamH3a ae On its 

BJIaCOBHTAa XOPOWIO MNepeCuHTbIBaIOTCA ye eae 

Ha dopmyay: Naz ZrSi,O,,;. pu stom bee er eras 

HAMM ObIO MpHHATO Cylenyroulee pacpe- — OKMET_| Hear, 

WeseHwe KaTHOHOB M0 Tpynmam: K rpyn- Peta elds eater cco 

me A otuecennt Na, K, Ca, k rpymne 

B — Zr, Nb, Fe, Mg. SiO, 55,76 928 1856 
Ilo qaHHbIM xXHMMYeCKOrO aHasusa, ZrO, ** 28,14 228 456 

BJaCOBHT, B OTIMUNE OT IPyrHx NMOSTHHX on te e ane 

CHJIMKaTOB WMPKOHHA, NpakTHyeCKH He AlsOs. 0°20 4 2 

COMepXKUT BOLI. OTO NOMTBepxKMaeTcA FeO, 0.40 4 rl 

Take TepMH4eCKHM H3yyeHveM MHHe-- TR2O3 Het = _ 

pana (H. C. Topoxopa), pesyapratr ai Her ae , 

KOTOporo MoKasaHbl Ha puc. |. nea ants an ay 
Pentrenorpaduyeckoe HccleqOBaHHe Cad , 0,49 8 8 

MHHepasia, BbInOIHeHHOe H. T. Bata- Na.O 14,03 452 226 

auesoi u A. A. Boponkosnm BJla6opa- K:O_ 0,68 13 6 

TOPHH KPHCTaMOXHMHHM Halllero HHCTH- he at 34 

TyTa, MOKa3al0, 4TO BJaCOBHT— MHHe- F 0,20 

[paul MOHOKJIMHHBIM ul XapakTepu3yeTca 

CJIEXYIOMMMMU =TMapamMeTpamMu aueukKH: Cymma 100,37 

a = 10,98+ 0,04 A, b= 10,00-+0,04A, O=F2— 0,08 | 

@ = (8,524:0,03-A, 8 = 100°24’ ++ 10’. 

Uueso dopMyIbHEIX €IMHHIL B 3JIEMeH- Cymma 100,29 


TapHOoH auetike Z = 4. Pacuer penTre- * AnanutTukK M. E, Ka3akopa, 

HOrpaMMbI NOpoOwKa BJaACOBHTa MpHBe- “* B tom uncue 1,7% HiOz 

Men B Ta61. 2. Heo6xoqumo nogyuepK- 

HYTb, 4TO JeOaerpamMb! GecllBeTHOrO HM OKPaLleHHOrO BacOBuTAa coBepmleHHo 
wWeHTHUHEI. J[aHHbIe OMTHYeCKOrO, PeHTTeHOBCKOrO HW XHMMMYeCKOrO HCCJeLOBa- 
HHli_MHHepasia CBHJeTeIbCTBYIOT O TOM, UTO OH He MOXKET OBITb HAeHTHPULU- 


ea Ol Hi tae 


PesybTaTbI pacueTa peHTreHOrpaMMbl MOpOiKa BJIaCOBuTa 
YcnoBua cheMKH: usnyyenve K, —Cu (Ni-cbuabtp); 2R = 143,25 mm 


| MeNe no. if d, A | NoNo mm. 11. I | d,A NeNe nm. m1. I | d, A 
| 

4 p43) 04 18 A 4 2,386 35 6 4,499 

2 33 5,48 19 6 2,240 36 7 1,479 

3 38 0 20 64 relies Si 2B tafe, 

4 72 5,02 pil 7 Pag Alal7 38 iT 1,433 

5 3l Geom 2 8 2,070 ate) HY 1,417 

6 29 ‘3,88 23 a 1,985 40 3 1,369 

7 45 3,68 24 49 4,954 44 8 wp. 1,304 

8 22 Bytintl 25 19 1,860 42. 6 1,282 

9 13 By qo)0) 26 8 1,819 43 7 wup il PAS) 

10 61 Bao ak 20 4,781 44 tf NPA 

fi 400 ORLO 28 8 i Tee 45 3 41.96 

42 47 3,058 29 24 1,685 46 3 1,188 

13 94 2,966 30 AN) 1,650 47 3 1,169 

144 9 2,909 fail Avi 1,628 48 6 alton 

45 49 2iet2o 32 42 4,606 49 S ei 

16 30 2,036 33 13 4062, 50 6 wup AGW 

add, 30 i ae 34 8 1,536 ot 6 1,085 

Spi 5 1,076 


* Jiunuu c d < 1,076 A ne npusogzatca BBuAY UX Sonbmok AUbdy3sHocTH. 


‘3 JLAH, rt. 137, Ne 4 945 


PpOBaH HHC OAHMM H3 H3BeCTHbIX WMPKOHHeBbIX MHHEPaviOB, MWpwyem CileAyeT OT- 
MeTUTb aHAOPHIO XHMHUeCKUX (OpMyJI BlacoBuTa H HapcapcyKuTa NaeTiSi,Oy, 
BuacoBut HalijeH B KOHTaKTHOH 30He JIloBo3epcKoro UleIOMHOrTO MaCCHB 
B palione r. Bapy6en. Ha 9ToM y¥acTKe KOHTAKTHbIe NOpOsbl MpeACTaBJeHbI Me: 
30KpaTOBbIMH HeeJIHHOBbIMH CHe€HHTaMH, HedeJIHH 
/ig7  CHEHHTOBbIMH TerMaTHTaMH C SBAMaJIMTOM MU paM3sav 
TOM M pa3JIMYHbIMH NO cocTaBy eHUTaMH HW PeHuTH 
3MpOBaHHbIMH rHelicamu ('). BaacoBuT MpucyTcTByeT 
B Te€peXOJHbIX 30HaX MeKAy WerMaTHTaMH U deHH- 
TaMH (apdbBeXCOHHTOBbIMH LIeJIOUHbIMH CHeHHTaMu ¢ 
3BUHaHTOM), B yuacTKaX MHTeHCHBHOTO Mocwiemar- 
MaTH¥eCKOrO H3MCHECHHA, BbIPaKalolerocA B MHKPo- 
KJIHHU3alHH MW aJsIbOMTH3allMH TepBHUHBIX MOpod. 
MmeHHO C 3THMH TipoweccaMH CBxA3aHO oOOpa3s0BaHHe 
BJIACOBHTa, KOTOPbIN pa3sBHBaeTCH Ha MeCTe 3aMelila- 
Puc. 1. Kpnpaa narpena- ©MOTO HM 9BqHanuTa. ByacoBuT OObMHO MpHcyTcT- 
HHA BylacoBHTa ByeT B accolMalHH C TaOMHTUATbIM MHKPOKJIMHOM, 
aJIbOHTOM, ap@BeCOHHTOM, 3THPHHOM, 9BAMaJMTOM, 
anaTHTOM M @IKOOpHToM. Odpa3ubl BacoBuTa Mepefzanpt B Munepasormueckuh 
my3eH AKajlemun HayK CCCP. 
VMuctutyT MuHepaorun, Tlocrynusio 


TeEOXHMHH H KPHCTaJJIOXHMHH peRKHX 9JeMeHTOB 22 IX 1960 
AxkajlemHH Hayk CCCP 


UMTHPOBAHHAA JIMTEPATYPA 


1YW. 1. Tuxouneunxos, P. Il. Tuxonenxosa, Tp. Mucr. munepall., reoxuM. 
H KPHCTadssIOKHM. peKHX 9uemMeHTOB AH CCCP, Bs. 4 (1960). 
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okanagan Akragemun nayr CCCP 
1961. Tom 137, Ne 4 


MHHEPAJIO‘THA 


FO. FO. IOPK, E. A. MAPYEHKO wu E. WH. TOHYAPOBA 


BPMTOJIMT H3 KPHCTAJJIMYECKMX MOPOX BOCTOUHOrO 
NPHA3SOBbA (YCCP) 


(I1pedcmaeaeno axademuxom JI. H. Illep6axoeoim 11 X 1960) 


B CHeHHT-alJIHTOBBIX, aJIACKHTOBBIX NOposax Ha 1paBoM Gepery p. Kasbauk 
-BoctouHom [puasoppe HaMH OOHapyKeH UE ee OTBEYAIOINM 0 (bu3sHKO- 
HMHYeCKUM CBOlCTBaM OpHTOAUTY. 

Kak H3BeCTHO, PeAKOseMeIbHbI CHIMKAT Kabat — OpuTOMUT, MuHepad 
3 rpyNMbl alaTuTa — peqkui MuHepat. OH ycTaHOBJeH B HedeJIMHOBBIX CHe- 
uT-lMermaTuTax IOupsanero6 B Tpennangun (1, 2, °"), a B CCCP Oni BeTpeyen 
.. A. Apcenpeppim uv E. A. Heuaepoii B ckapnax 3anagHoro 3a6aiiKanba (8). 

B mopogzax YkpauucKoro KpHcTasIMYeCKOrO. IMTa OPHTOMUT Wo HacTosLLero 
peMeHH He BCTpeuaJca. 

BpuTOsIMT B aCCOMMallHH C TeMHO-uOeTOBLIM (PAIOOPHTOM OOHapy2KeH HaMu 
MeTaCOMaTHUeCCKH H3MCHEHHBIX aJIACKHTAX, CJlaralOWlHX PA, BOSBbILMeHHOCTeN 
mipegenax lOxHo-KabunkcKoro MaCCHBa CHeHHTOB. 

QTM MOPOAb! COCTOAT H3-KasIM-HAaTPOBbIX MOJeBbIX MINAaTOB H KBaplia, pel 
TaBJICEHHOTO B aJIACKHTAX NOP*PUPOBHAHbIMH BbIeseHHAMH B 2—3 mM. PoroBas 
JMaHKa HW OMOTHT MpHCyTCTBYIOT B Mopose B He3HAYHTeJIbHBIX . KOJIHYCCTBAX. 
PpeqH MOJeBLIX LIMaTOB MpeoOalaeT MMKPOKJIMH-MepTHT, WIM 2%Ke KaJHeBblil 

M3BeECTKOBO-HAaTPOBbI TOJIeBbIe WIMaTbl HAXOAATCA B PaBHBIX OTHOUICHHAX. 
MMHYeCKHH CocTaB Topo (aHamu3 FO. FO. lOpxa (”)) caenyroml: SiOz 
3,20; TiOzcn.; AleOs 18,82; Fe,Os 0,48; FeO 0,28; MnO 0,00; MgO 0,10; 
aO 0,82; NaO 6,58: K20. 6,24; P2O; 0,00: F 0,04; H2O 0,26; nm. n. n. 0,34; 
yuma 100, 16%. 

Baenaronue KPYNHO3eEPHUCTHIe CHeHHTHI, ApeBHHe OHOTHTOBIe THeHCbI V 
arMaTUTbI BCTpeualoTca B BYE KCCHOJIMTOB B aIACKUTAX. CHeHMT-allIMTbI CJla- 
OT IIPHKOHTAKTOBbIe YUaCTKH Tela aJIACKHTOB, KOTOPoe MpocslexKeHO B MepHi- 
1OHAJIbHOM HallpaBsleHHu Ha 250 M, Np IWHpHHe BbIXON0B Jo 80 M. 

Tlonepbie HaOmOJeHHA CBHJeTebCTBYIOT O TOM, UTO AJIACKUTbI ABMAIOTCH 
avOoulee MOJIORbIMH Mopofamu lOxwuHo-KasbunkcKoro MaCCHBa CHeHHTOB, OOpa- 
‘BaHHe KOTOPOrO MpeflecTBOBaIO eOUHbIM HMHTpy3Him Ha IIpuasoBbe 
JKTHOPbCKMH MaccHB). 

BpuTouT B Maparere3Hce Cc (bIIOOpHTOM NpHypoyeH K 30HE MeTacoMaTHYe- 
<M W3Me€HeHHOTO aJIACKHTa MomHOCTHIO 1—1,5 M, MpocuiexKeHHOM Mo MpocTu- 
anvio C3 355° Ha 10 M, NapanembHO KOHTAKTY Teja aJIACKMTOB C BMeLlLaroulu- 
1 mopoyamn. 

Hapsany c OPHTOJMTOM (6p) B MeTacoMaTHYecKCH Noposle IpucyTcTByeT HeH3- 
CTHBI MICOXPpOHYUHbIi B WWIHde pekKOZeMebHbIM MHMHepanl (puc. 1, na. m) 
moopuT (da), KBapll (Ké) H MMKPOKJIMH B Ppa3HbIX OTHOLICHHAX. 

MetacomaTuyeckad 30Ha, PasBUBIIAACA BOJIb TPelLMHbI CKaJIbIBaHHA B aJs- 
‘HTaX, Ha yPOBHe COBPeMeHHOTO 9PO3HOHHOrO Cpesa HMeeT BbIParxKeHHY!O aCHM- 
‘TPHYeCKyI0 30HaIbHOCTb. LeHTpatbHad YaCTb 3OHbI MpescTaBileHa Me/KO- 
.UCTaIMYeCKOH YepHO NMopomo, cocTosue us dlKooputa, OpuTosuta, 
IeOXpOM4HOPO PeAKOSEMCJIbHOFO MHHEpadia M PeJHKTOBbIX S€PeH KBaplla. Tlo- 
ma oOaqaeT KPUCTANIOONACTHYECKOH CTPYKTYPOH H SHAYHTeJIbHBIM YAeJIbHbIM 
com (d = 3,55). MoutHocTb WeHTpasbHol uacTH soHnbI 0,2—0,3 M. 
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ZanpOaHIOBbIe YACTH Z3OHbI COKEHbI (MOMETOBO-Cepon MOPOTOH, ahs 
M3 KPYMHOKpucTasMGecKOrO (pyOOpuTa, OpuTouuTa, KBaplla HM MMKP 


TIPHMbIKaeT 30HA CJIHBHO 
epo-3analHomy (jexKauemy) OOKY 
TS eee me: ceporo KBaplja MOLJHOCT 


0,9 m. " 

Tlopoya WeHTPasbHOH 4 
CTH MeTaCOMaTHYeCKON 30 
M ee KBaplleBbie 3aJibOaH 
CeKYTCA MpOKUIKAMU Gos 
MO3RHero IrpA3HO-3eJIeHO 
(uroopuTa. 

Bputomut (puc. | u 
IpeAcTaBJieH KOpPHuHeBAaT 
WKEJITDIMM | TeKCarOHaJIbH! 
IIPH3MaTHYeCKHMH KPHCTA. 
amu pasMepomM 2—3 MI 
Oxpacka MuHepasia CBA3aI 
C ero NOCJeLYIOWHM 3aMely 
HHeM  TOHKOUeLITYyHUAaTBIN 
arperaTaMu pej{KO-3eMeJI 
HOH cmoyKH (puc. 2), pa 
BUTHe KOTOpOH, M0-BHHM 
MY, CBH3aHO c mporLeccc 
THMepreHHBIX  3aMelLeHH 
Puc. 1. Bputomut p macce cpmooputa.' Wau. Hux. || - BpuTomuT OeciBeTeH B H 

Jivamerp mois 5 MM. OObacHeHHe B TeKCTe SaAMCHTCHHBIX YUACTKAaX. 


BpuTouuT xpynoK, ume 
PAKOBHCTHIM H3J10M, OOMajaeT CTEKJIAHHbIM OeCKOM UM BEICOKUM TIpeJOMIeHHe 


CHJIbHO TpeitHHOBaT. MuHepad OAHOOCHBIM UM Cc Manbim 2 V, ontTuuecKu C 
puuateibubiit. J[BympesomieHve O4eHb Hu3KOe. TloKa3aTeIM mpenomueH! 
B MMMePpCHOHHEIX 2%KMAKOcTAX: 1,780 > N,, N.> 
78/67 

YWebHEIH Bec OpuTomuTa™ 4,405. MuxpotBep- 
octb oT 307 yo 713 KI/mMM? unu, COoTBeTCTBEHHO, 
mo mkate Mooca ot 4,16 fo 5,25. Hau6onee Hus- 
KH€ 3HaYCHHA MMKPOTBepOcTH MOsyYeHbI AA MU- 
Hepajia, B 3HaYHTeIbHOM CTeNeHH 3aMellleHHOrO 
TOHKOYEIMYH4ATLIMH arperaTaMyH. 

BpuxToMT BbIAeIAeTCA B 9JIEKTPOMarHHTHYIO 
(ppakila4io Ip HampsxKenHOcTH Noa Zo 8000 apcrT. 

B He®HJIbTpOBaHHOM CBeTe PTYTHOH amMb! OpH- 
TOJHT OOslaaeT V3YMPYHO-3eJIeHbIM CBeyeHHeM, 
CBOMCTBCHHBIM MHHepasiaM, cofep2Kalllum pefKue 
3€MJIM, HM BbI3BaHHbIM BO3MO%KHBIM IIpHcyTCTBHeM 
HHOJMMHA B MMHepase (’). MHTeHcuBHOCTh cBeue- 
HHA OpuTOMHTa ONM3Ka K CBEYCHHIO MOHAILMTOB 3 
nermaturos [Ipua3oBpa. Puc. 2, 3amemenue OpHTou 

XUMUYeCKHH aHaIH3 %KeJTOBaTOrO OpuTomuTa ay eee ee 
(Ta61. 1, ananutux E. VU. Tonuaposa) noxa3an 3Ha- i dare: as 
YHTeJIbHOe CXONCTBO ero COCTaBa C 3a6aliKasIbCKHM 
OpuTommtom. Ecau mpHHats, cormacno Maxauku (°), dopmysry Oputonuta al 
AOTHYHOH (hopMywie amaTHuTa, TO AIA MpHasoBcKorO OpHTOMMTAa XapaKTepHa | 
Ji@ BbICOKaA CTeMeHb 3aMelleHHA HOHOB (PO,)-? uonamu (SiO,4)*” c oOfHOB 
MCHHBIM 3aMeIICHHeEM MOHOB KaJIbIMA HOHAMM PeAKHX 3eMeJIb. 

OTHOMIeHHe HOpMasbHOrO amaTuTa K peKO3eMebHO-KpeMHeBOMY B TI] 
a30BCKOM OpuTosuTe | : 13 u, coorsetcTBenuo, | : 3 u 1 : 5,5 B rpeHnaHzcKON 


* Onpefesenve yletbHoro Beca (mMKHOMeTpHUecKH) BbINOMHeHO JI. B. Topmeesoii, on 
AeNeHHE MHKPOTBepOCTH B aHIHpax Ha mpHoope TIMT-3 — H. A. Cyxnuxoi. 
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3a0aiikaJIbCKOM MMHepasax. BosmoxHO TakKe, 4TO HeKOTOpbIi HeqOcTaTOK 
@ochopa B MpvasOBCKOM OpuTONHTe CBA3aH C 3aMeIeHHeM ero peKO3eMeJIbHOM 
CJIOAKON, TAK Kak JIA MHHepalaco 3HAauHTeJIbHOW CTeMeHbIO 3aMeLeCHUA CJIOL- 
KOH KOmMYecTBO P2O; coctaBuo 0,45%. 


Ta6Oauua 1t 
XUMHYeCKHH cocTaB OpuToOTMTOB (B MpoueHTax) 


‘ Oxucen Se ae Tpenuangua (11) 

> (Ce, V)20s 58,04 56,96 60,54 
Fe,03 De) Poi 0,43 
CaO 42,82 14 54 14,28 
MgO 0,18 He onp. | \ 0.43 
MnoV Ci He onp. | f a, 
Na,O ORAS ileal) 1,85 
P.O; AR So 3,84 6,48 
SiO; NGA 17,28 Gren 
H,O0+ 5,78 6,04 ill 
H,O- 0,18 0,36 — 
F He onp. Her {O38 
Cymma 99,44 g9Ro2 100,08 


Ilpumeuad ue. Jaa npwasospcKoro 6putoauta npo- 
BeMeHO XHMH4eCKOe OpesesIeHHe peKHX 3eMesb: CeO, 
21,78%; (La...)20, 16,20; (V...)20, 17,08. MHTeHcuBHasa 
OKpacKa MpoKaJIeHHbIX OKHCJIOB Kak WepueEO, Tak H 
MTpueBoH Tpynnbl yKa3biBaeT Ha MPHCyTCTBHE B MepBoli 
MpaseoquMa, a BO BTOpol uTTepOun. 


@Mmo00puT — BTOpOH B KOJIMYeECTBEHHOM OTHOUICHHH MMHepadl MeTacoMaTH- 
YeCKOH MOpOAbl — BbINIOHAeCT B MOpOMe HHTEPCTHUMasbHbIe MPOCTpaHcTBa 3e- 
peH OpuTONMTa, KBapla H MoseBoro Mata. 

Oxpacka qbooputa cbuomeToBO-cMHAA, B CTbIKAaX C OpHTONTOM 6nenHO- 
posopaa. N,, = 1,435-++0,001, ynenpunit Bec 3,18. Cymma peqkux 3eMeuIb AA 
darooputa 0,2%. ; 

_ Ha6mogenue B wiudax Hay, XapakTepOM B3aMMOOTHOIIeHHH MHHEpaJOB M103- 
BOJIACT HAMETHTH CJICYIOULYIO MOCeMOBATeIbHOCTh MeTACOMATHYeCKUX 3aMellle- 
HHH B Mopore: 

a) BKpalIeHHbI KBapll asAiCKHTOB —> OpuTOMNT; 

6) MHKPOKJHH 3aMellaeMOlH MOpOAL —> TemHO-cbvoneTOBLIi cb0OpHT; 

B) OpHTOMT —> MeOXpOM4HbI peMKO3eMeJIbHbIi MUHepasm (2), TOHKOUE- 
WlyH4aTble arperaTbl CIOAONOMOOHOTO MUHEepaa 2XesTOTO WBeTA; 

Tr) 3eeHLIM CIOOpHT B CeKYyIIMX NpoRHMKaX. 

BpIHOC KBaplla H3 aJISCKHTa C OOpa30BaHHeM KBapleBOH 3OHBI (70 0,9 M MOUI- 
HOCTH) Ha (ppOHTe 3aMElIlaeMOl MOPODL CBHJETeILCTBYeT O IeIOUHOM Xapak- 
Tepe HHPUJLTPUPyIOMIHNX PacTBOPOB NepBOK cTayHH MeTacOMaTO3A, CIIOCOOCTBO- 
BaBUIeM MHTCHCHBHOM- MHIpallWH KPCMHEKHCJIOTHI. 

B mucdax Ha6mofaioTcA peHKTOBbIe HEMpaBHJIbHble 3epHa KBaplla B KPH- 
cTaimax OpuTomHta (pwc. 1) u nocmepyromee 3ameuleHHe PIOOpHTOM MoMeBoro 
wnaTa NOposyl. 

TeeTHuecku OpHTOMMT H3BeCTHEIX B JIMTepaType MecTOpOKAeHHH CBA3AH CO 
WeOUHbIMH MOpogamu (?, °). 

EcTb OCHOBaHHe CUHTATb, YTO MeTacOMaTHUeCKHe OOpa3s0BaHHA, C KOTOPbIMH 
CbA3aH OpuToONMT, Ha p. Kanbunk BO3HHKJIM B pe3yJIbTATe JeATeIbHOCTH IWes04- 
HOrO MarMaTH3Ma. OHH MOryT ObITb CBA3AHbI C eHCTBHeM L[eJIOUHBIX PaCTBO- 
PpOB BO BHEIIHelH OpeosbHOH 30He OKTHAOppcKoro maccuBa HedeuIMHOBbIX CHe- 
HHTOB HJIM Ke Apyroro MaccHBa, PaCcrOJIOXKeHHOFO 1O*KHEEe, HO elle He BCKDHI- 
‘TOTO. 

H. IJ. Cemenenxo u V1. JI. Waposcxuii (°) nosuepkuBaioT HamMune payMadb- 
HO-JIYUHCTOFO TpelllHHHOrO MeTacOMaTHYeCKOrO Opeosa BOKpyr OKTAO6pbcKoro 
: 
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ulemOuHOrO MaccHBa Cc payuycom B 15—18 xm. Ilo nepud@epuu maccuBa pa3sBUT 
THAPOTepMaJIbHO-MHEBMATOJIMTOBbIC MPOABJIEHHA C (JIOOPHTOM HM allaTHTO 
(5, 10) 

B 3aKu1o4eHve OTMeTUM, 4TO Ja BoctouHoro IIpua3s0Bba H3BeCTeH qult0 
PHTOBO-KapOOHaTHBIM THM pekKOseMesIbHOrO oOpyeHeHHA c HapHsutom (3, * 
MeracomaTuyecknhe O6pa30BaHHA C OPHTOMHTOM ABJIAIOTCA HOBbIM reHeTHYeCKH! 
THIOM Pe€KO3€MECJIbHO-CIOOPHTOBOH MHHepaH3alHn IIA STOO pervona. 


VuctutyT MHHepaJIbHBIX pecypCoB Toerynuso 
Axkajemuu Hayk YCCP 10 X 1960 


HWHMTHPOBAHHAA JIMTEPATYPA 


1T. Barth, H. Berman, | Chem) (Bade-5,*372(1930)-.5 “On Babies cee 
Mineralogia groenlandica Meddl. om grénl., 32, 514 (1905). *#B.I. Ky3pmeu xc 
Ton. AH YPCP, N 3 (1940). *B. UW. Ky3pmeuxKo, Cos. reos., c6opu. 12 (1946) 
5 TI]. WH. JlIe6eqges, B. A. Monmesa, Tp. Ilerporpapuy. unct. AH CCCP, s. 5 (1933) 
‘FF. Machatschki, Gi Hagele, Zbiae Mincraliy Abt A, WING wl Gommagsg) 
“K. J. Murata, H. Bastron, Science, 123) Ne 32021956). ° EoeAy Eerusarerse 
MW. . BopuHemau-CTtapuinkesBuu, 3an. BcecowsH. mMvepal. o6m., 85, Ne 
(1956). 2b. I Gieimve mein K0,)" Toya Livarp ons ciprKeae au COul a Kye mento ance 
(1959). 1° A. MW. Cyaoes, Mun. cuppe, 2, 42 (1938). - 4G. Flink, O. BY Bog 
gild, -Chr. Winter, Zs. Kryst.,. 34,°685:(1901)) “210 SIO A iOlp Ke, Lipari 
nerMaTHtbl YkKpavHckoro KpHcTamiMueckoro muta, A347. AH YCCP, Kues, 1956. 
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Jloxnxnagn Akagemun nayr CCCP 
. 1961, Tom 137, Ns 4 


OKEAHOJIOFH A 


B. A. EPOUJEB-LIAK 


UJIJIAT B OCAXKAX ATJIAHTHYECKOFO OKEAHA 


(II pedcmaenexo akademuxom H. M. Cmpaxosoim 19 X 1960) 


ManuTOM MbIl HasbiBaeM HepasOyxalollH AMOKTasLpuuecKuil rHApocwro0LH- 
CTbIM MUHepa 2: | c YeTKO BbIPaKeHHbIMM OasabHbIM pedseKcom 00! paBHbim 
10+0,2 KX u pedsexcom 060 He Gompme 1,50 KX. 

JlawHple peHTreHOBCKOrO AMpakUMOHHOTO aHaJW3a HeEKOTOPBIX OOpa3il0B 
TipHBesenHbl B Ta6u. |. 


TaOauna 1 


MexmJocKocTHble paccTOAHMA MUHepasios dpakunn <0,001 mm (opnenTupoBannule, 
HACHIN[CHHbIe TIMWePpHHOM Ipenaparst) 


a ane Nydas Cranuua Ne 470 Crannua Ne 351 Ne Cae, 
I d, KX I d, KX T d, KX I d, KX I d, KX I d, KX 
A 06 3) 7,06 8 3,4870 10 3,2018 40 Sper 
10 19,910 | 40 |9,820 yO A) 4 3, 2887 ; 
7 17,080 8 |6,963 8 7,036 Ti 3, 1462 5 Fa} dl 745) 
3 16,285 7 DHOIOLO ih 2,,5006 8 2,0647 
Ve eosapoul4, oll 2) «2 4,8924 4 2,1048 3 2,0768 4 Bi as 
3 14,8296 ; 5 41,6452 3) 1 ,6393 D 4 ,6452 
| 7 14,3816 i 1 , 4844 ) 1,4760 9 1 ,4951 
Dd |3,4148} 6 4,,4329 


M3 mpHBeeHHbIX JaHHbIX BAHO, 4YTO MOMHMO HJJIMTOBOrO MMHepaia B po- 
6axX MIpHCyTCTBy!IOT KaOJIMHUT (7 KX) H MOHTMOpHOHUT (17,06 KX). Basaup- 
HbIe pedsekcpt 10+0,2 KX; 50,2 kX u 3,3 KX, a Takxe oTpaxenne 060 oKouI0 
1,49 KX xapaKTepH3yi0T HJIIMTOBbIM MHHepall. 

Ha KpuBbIxX HarpeBaHHA HJIJIMTa OTMeyaeTCA HeEOOIbUIaA HA3KOTeMMepatyp- 
Had ocTaHoBKa oKou0 140—170°, cBa3aHHaxA Cc yaseHHeM MexKCJIOeBOH BOTHI, 
DACTAHYTHIM SHAOTepMuYeCKHH sdppeKT npn 500—630° u B HeEKOTOpbIX CyYanx 
aOblt SHAoTepMuyecKuH adibeKT mpu 850—900°, KoTOpbiii CMeHAeTCA 9K30- 
repMMyeCKOH OcTaHOBKOM pu Temmepatype Bbune 900°. Ha HeKOTOpbIx KpH- 
3bIX BBUY MpHMeCH ApyrHX TIMHMCTbIX KOMIOHEHTOB IlepeuHCJIeHHble 3pPeKThI 
YIBMHYTbI B TY HJIM HHY!O CTOPOHY HJIM COBCeM He MPOABJIAIOTCA. 

Ilo, 3€KTPpOHHbIM MHKPOCKONOM HJIVJIMT peCTaBJIeH H3OMeCTPHUHbIMH 3ep- 
iamu pasmepom oT 0,3 yo | w HAM yAJIMHeHHbIMM KpHCTasaMH pasmMepoM M10 
WIMHHOH ocu fo 1,5 p. 

| Tlokasarenb mpesoMieHud WIHTa u3 ocaqKOB ATjaHTH4YeCKOrO OKeaHa KO- 
ieOleTcA B mpefenax 1,543—1,548 (kpacublii cBeT). 

Cop6uvoHHad eMKOCTb HavOoslee YHCTHIX OOpasloB WJIWIMTa paBHa 34— 
38 maKB Ha 100 r bpakunu < 0,001 mm (crannnu NeNo 152, 150). B saBucumo- 
TH OT IIPHMeCH APyrHX [IMHHCTEIX MHHepaJIOB COPOMMOHHAA EMKOCTH (ppakuun, 
owepKameh uuimuT, MeHseTca. Tak, Bo dpakuun <_ 0,001 mM ocagka cTaHiMH 
No 217 B CBA3H C YBeMYCHHeM KOJIMYeCTBA KaOJIMHUTAa COPOWMOHHaA CMKOCTb 
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cHukaetca 20 23,2 makB Ha 100 r dpakunu < 0,001 mm, a B ocayKe cTaHIt 
No 227, xapaKTepu3yrollelica HeKOTOpbIM yBeIMYeHHeM COJepxKaHHA MOHTM 
PHJONUTA, COPOILMOHHAA EMKOCTb BospactaeT fo 54,4 makB Ha 100 r dpakun 
< 0,001 mm. 

B 60ubUIHMHCTBeE T1pO6 NOBeEPXHOCTHOFO CJIOA OCAKOB UJJIMT mpeycrapuse 
VHJUBULYasIM3HpOBaHHbIM MHHepaJiOM, M JIMUIb B HeCKOJbKUX MpoOax OH, TI 
BHXHMOMy, OOpasyeT CM 
INaHHble CJIOH C MOHTMOPH 
JIOHHTOM. B nocyieqHeM CJ 
yae TIpH HarpeBaHHu MHH 
pana cBpime 500° nam mp 
HacbimeHuu erol N pacts 
pom KOH  naOmozaerte: 
yBevIHueHHe MHTeCHCMBHOCT! 
Oasanbnoro pednexca 001 
parHoro 10 xX (’). | 

Haut nocne KaOMHuT. 
ABJIACTCA CAMBIM pacripo 
CTPpaHeHHBIM H3 TJIMHVCTBL 
MMHepavioB B OcaaKax ATaH 
THUECKOTO OKeaHa. 

Ilo cofepxkannio HUT 
BO dpakuun < 0,001 mM - 
MOBEPXHOCTHOM cyI0e ocal 
kos ATIaHTHYeCKOrO OKeaH 
BbIJeAeCTCH UeTLIPe NOU 
(puc. 1)*. 

Maxcumasbuble /KOHUeH 
TpaunH ummuta (60—809% 
OT COflepxKaHHA TVIMHHCTHI 
MHHepaloB BO (dpakuly 
<0,001 mm) HauuHatoTca ce 
BepHee HbrodbayHVJieHqCKo! 
OaHKH H TAHYTCA B oro-34a 
NalHOM HalpaBseHHu 
Bontmmx AHTHIECKHX OC 
TpOBOB, Nepecekan Caprac 


Puc. 1. PacnpeyetenHe uINTa B MOBepXHOCTHOM cll0e COBOe mope. Takoe IIpocTp aw 


ocaykos ATsaHTHYeCKOrO OkeaHa BO d@pakuHH < 0,001 mM. TBe e 

{ ==/60-80% : 2 — 40-60%; 9\— 90-=A00hre == 009 te ne oe 

5—7 — cranuuu 9KCIeHIHOHHBIX cynos:  §— “IHTa CBASAHO C MPOHMKHC 
«Muxann Jlomonocopy, 6 — «Ceyos», 7 — «Meteop» (*) BeHHeM c ceBepa Bo Jla€ 


pafopckoro TeuweHHa, HE 
CYUIMX HJIIMTOBLIT KOMMNOHEHT, BbIHeCeCHHBI H3 NMOJ380JIMCTHIX NOUR UH KO 
BLIBeTpHBaHHaA Kananckoro muta (', 3%). B patione HptodbayHanenycKo 
OaHKM OTMeWaeTCA CTEIK XOMOZHEIX BOX JlaOpagopckoro TeyeHuA C TeNJIbIM 
Bojamu Toupdctpuma, mpuyem Bopp Jla6pawopcKoro TeweHua, sABJIAIONIMeC 
Oolee TAKEJILIMH, UeM BOLI TonbdcTpuma, NorpyxatoTca BrayOb, MepeceKato 
TonpdcTpuM H pacnpocTpaHsioTca B Buse ruryOHHHOFO XOMOLHOFO TeYeHHA B IOrc 
3anayHOM HalpaBsieHHuy (7). 

OOpasonanne KOHUeHTpalul HmuTa Zo 80% Bo hpakuuu ocayKoB < 0,001 my 
TIPHMbIKalouINX K JIOKHOM uacTH Esponelickoro MmaTepuka, oOOycwi0BeH 
BbIHOCOM HJIJIMTOBOTO MaTepHasia H3 mouB Hu nopox Esponnt (®, ®). Paspp 
STOTO NOH B palione cranyMH Ne 63, no-BHAHMOMY, CBA3aH C BHepeHHeM BOT 
Hecymux OT JlamaHiia KaOHHUTOBLI KOMMOHEHT. 
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* KommuectBenad OleHKa TIMHHCTbIX MHHepasoB OCyMIeCTBJAaCb CpaBHeHHeM HHTeCHCHI 
HocTeH pediexcos 001 o6pasuoB c STa/IOHHBIMH. 
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Tenesuc OMHaKOBbIX KOHUeCHTPauHi HHTa Onu3 CeBepo-AmepukaHcKoro 
MaTepHKa HM OKOJIO ceBepo-3anaqHoro nobepexbaA Adpuku HeowuHaKkos. Tlose 
HJIIHTa, MpuMblKatoulee K Cepepo-AmepHkaHCKOMy MaTepHKy, OOpasoBasiocb 
3a CUeT BLIHOCA HJJINTa Cc 9TOrO MaTepuika (1). KonWeHTpaluu HNMTa B OCalKax 
OKOIO ceBepo-3anaqHOH AdpukKu CBA3aHbI C IPHBHOCOM 9TOTO MMHepawia ray- 
OuHHE!M Cepepo-ATaaHTHyeckum TeyeHvem. Macca Bo, COpasyrollux STO Teue- 
HHe, OlyckaeTcaA Cc NOBepXHOCTH OKOWIO 60° c. I. H OXBaTbIBaeT MOILHbIM COL 
Ha rayOune oT 1500 go 3500 m (7). Kak B Hayane, TaK H NO NYTH ABMxKeHHA 


'BOJbl STOTO TEYEHHA OOOFalllalOTCH UJIIMTOBbIM KOMIOHEHTOM 3a CueT TeppHreH- 


HOrO CTOKa c MaTepHkoB. HepaBHoMepHOCT pacmpocTpaHeHua usINTAa B OCal- 
Kax oT 60° c. mI. H HeCKOMbKO 1oxwKHee 20° c. I. CBA3aHAa, C OMHOM CTOPOHHI, Cc 


_ YBeJIMYeHMeM KOHIUCHTpalMl STOrO MuHepasa OarofxapaA CHOCy HNITA Cc 6M3- 


exKallux OeperoB, c Apyroh — OnarofapxA MpHBHOCy KaOJIMHUTa CpeqM3seMHO- 
MOPCKUMH BOaMH HM MOHTMOPHJVJIOHUTA W3 BYJIKAHHYeCKHX OGsacTeH. 

Husxkoe cosepxaHue WIWuTa B OCalKaxX 9KBATOpHabHOM uacTH ATaHTH- 
yecKOrO OKeaHa OOYCJIOBeHO HaHYHeM B S9THX OCAKaX BLICOKHX KOHIIeHTpa- 


“uu Kaonmmnuta. B pymkannueckux 30Hax (AsopcKnit pation, UcnangacKas KoT- 
 JIOBMHA) COfepKaHHe HUTA CHHKaeTCA BO Ppakunu < 0,001 mm 3a cuerT Bos- 
_pacTaHHsl MOHTMOPpHJIJIOHNTA. 


O6usme HUTA B OCaKax ATMAHTHYECKOIO OKeaHa 3aBHCHT OT NpHEHCCAa MaTE- 
pHaga c Matepnkos. IIpu sToM, NOMMMO MpuHoCca HJINTAa M3 NOUR MH NOpox cyun, 
B OK€aHHYeCKOH Cpese NPONCXOMHT perenepalluA HaOyXalclIMX PIMHUCTLIX MMHe- 


panos 2: 1, o6pa30BaBIuHXCA Tp BLIBETPHBaHHH CJIOAMCTEIX MHHepasos. Ilo- 


Tlalaa B MopcKyro cpefy, GoraTyro K*, sTH MuHepaub! «buKcupyioT» HoHb K* 
BBHy HX BbICOKOTO MexKCOeBOTO 3apAsa MH COKpalllaloT Me*KMIOCKOCTHOe pac- 
cTosHue fo 10 KX, gaBaa unnuT ("). 

B ocagkax ATWaHTHYeCKOrO OKeaHa MOMKHO BEIJeUTb Be OONaCTH akKYyMy- 
JAUMH HsIUTa: OT HprocdayHAnenzckoH OaHKH 20 AHTHIECKHX OCCTPOBOB HU B 
patone Esponelicko KOTJOBHHBI. OcTabHble O6sacTH pacmpocTpaHeHusa Uu- 
JMTA ABIAIOTCA OCNACTAMM paccesHUA STOTO MHHEpaa, XAPakTepH3YICINUMUCA 
UOCTeNeHHBIM CafoM ero KOHIeHTpalHni. 


Mopekow rupzpodusnueckHl MHCTHTYT TloctrynHsi0 
Axkajemunw Hayk CCCP 24 IX 1960 


WHTHPOBAHHAA JIMTEPATYPA 


1p, E.T pum, Munepanorua rmuy, 1959. 210. M. WloxkanapeKkui, Oxkeano- 
manmertopo. = 1. E. Brydon, H. Heystek, J. Soil. Sci., Canad., 38, Ne 2 
(1958). * K. Correns, Wiss. Ergebn. Deutsch. Atlant. Exped. «Meteor», 3, T. 3 
(1935). ® V. Gabis, Bull. Soc. frang. minéral. et cristallogr., 81, Ne 7—9 (1958). 
*G. Millot, Bull. Serv. Geol. Alsace et Lorraine, 10, Ne2 (1957). 7 C. E. Weaver, 
Am. Mineral., 44, Ne 9—10 (1958). 
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Jloxnayn AkagqeMun Hayr CCCP 
1961, Tom 137, Ne 4 


OKEAHOJIOLH fl | 


HW. B. LWIYTOBA-KOP)K 


HOBbIE JAHHbBIE O PACIIPOCTPAHEHHH MAJIONO3BOHKOBOK 
CEJIbAMW B BAPEHUEBOM MOPE 


([1pedcmasaeno axademuxom E. H. Ilaeaoecxum 15 VII 1960) 


SanalHad rpaHvlla pacipocTpaHeHHA MaJsIONOSBOHKOBBIX CeJIbseH, MO [aH- 
upim B. K. Ecunosa (3), 1O. 10. Mapru (4) u A. H. Caetopugosa (°), mpoxoxur 
K BocTOKy oT m-o. KaHuna u o. Konryepa u noKa3aHa Ha puc. | JMHMen. 
BoctouHee yKa3aHHOH rpaHHbl B IpHOpexKHbIxX paHouax 9Ta CeJIb]lb BCTpeuaeTca 
yacTo. B. K. Ecunos (*) pacnoularasI 10 MaJIOMO3BOHKOBON CeJIbAM MaTepHasamu 
1935 r., oTHOCAMIHMHCA K KouryeBckomy paliony. Takxe k Kosryesckomy paiio- 
HY OTHOCSTCA JaHHple IO. IO. Maptu (*). B centa6pe 1938 r. ynoBpl WOcTuraM 
tam 5—l0 xr Ha ceTKy, mpwyem fo 25% y0B cOCcTaBIAIa MaJIOMOSBOHKOBaA 
CeJIb]Ib, 

OcHOBHBIM CHCTeMaTH4YeCKHM MIpH3HAKOM, MaJIOMOSBOHKOBOM CeJIb]M, AB- 
JIACTCA UYHCJIO MO3BOHKOB B CTaAHH 3peOCTH MOOBBIX 2Kee3. Hamu K MaJio- 
TlO3BOHKOBOH OTHECeHbI OCOOH Cebu, uMeroutve 54 mo3BOHKa MU MeHee. Kak 
vB padote Ecnnopa (°), y4HTbIBamnach CyMMa MO3BOHKOB 6e3 ypoOcTHiA 
(Ta6a.: 1). 


Ta6Oauna i 


PacnpeyeseHve MaJOMO3BOHKOBOHM CesIbAM B }OrO-BOCTOUHOM YacTH 
Bapenlepa MOpa Mo YHCy MOSBOHKOB 


il ee 2) a fm eB Uucao Uucao 
Topi S Si ¢ =| (e) ° NO3SBOHKOB 3K3. 
as & = rs K z B cpeqHeM CeJIbvH 

«| eee | sae. 1 eels 

1946— 2 
19464958 1a | el aera 53,52 |. 234 

* ee ——— —<— eet = —a 

1935 3,2 | 30,4 |58,8| 7,6| 0,3 | 53,72 276 


_* Tlannpie Ecunosa (°). 
“Haq ueprol — a6comornoe uncno0 focobe cenbaAM Cc MaHHbIM KOJIMYECTBOM T103BOH- 
KOB, NOW yepToh — TO *e B Mpomeutax. 


Hasvuve ManonosBouKoBoi cebqHv B BapeniesoM Mope MpoBepslocb e2Ke- 
rowHo c 1946 r., nonyTHO c Hsy4¥eHHem pacnpeyeneHusa M y4ueTa MOJIOLM Tpecku 
HW mK (1, ?). Manono3BoHKOBad CebAb BCTpeyamlacb B BO3pacTe OT 2 Jo 12 
JeT, JWIMHOIO OT 5 WO 25 cm. CrauaA 3peNOCTH NOJOBbIX MpOLyKTOB MpHBO_UTCA 
B TaO. 2. 

Heno.uiopospesbie oco6u u oco6u co crTaquel spenoctu I u II serpeyanuch 
B OCHOBHOM AmHOH 12 cm (qo 17 cm), a MOMOBOSpPeubIe, PIaBHbIM OOpa3om, 21— 
25 cM. 

Betpeyaemoctb MaJIONO3BOHKOBOli Ceiba B Bapenuesom Mope c 1946 no 
1958 rr. (uckmouaa 1952 r.) npeactaBaena Ha puc. |. 
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Taogniwma 2 


CTaqMa 3penocTH MaJOMO3BOHKOBOH CesbAH B IOrO-BOCTONHOM YacTi 
Bapenuesa mops B 1946—1958 rr. 


B mponeutax 


Uncao 
Tlon , 

i juv | I | Il Ill IV | Vv 
CamkKu 138 — 43,5 0,8 28,3 18,8 3,0 
CamMubl 82 — 36,6 (oye 22.0 200 9,7 

Ba Gitte Bi, 130,061 wsiSy hha 24nt ily 20;3..ne 


Han6oulbilee 4HCAO IK3EMIVIAPOB MaJIOMNO3BOHKOBOH CeJIbH OOHapyXeHO 

B despase 1950 u ByeKa6pe 1955 rr. (4ucuio TpasieHnit BLlenTpampubix, Tpu- 
OpexkubIx 4 Boctounplx patonax — B 1950 r. 137, B 1955 r. 144). 

| Hayo otmMetutb, 4uTo Komryescxui, Ileyopcxuli u Batirauckul paloubl 06- 

CJl€HOBaHbI MaJlO, YYET MOJOAM NpOH3BOAMJICA 3feCb, ub B 1954 r. CepepHee u 

3allayHee yYKa3aHHbIX palOHOB MaJIONO3BOHKOBAA CeJIbAb NoMayaeTcA eMHMYHO, 


1953 

>2/1954"“(B) 
1957 1955 Se 
(6) = 


1957 _ 
4), nid g71955 
q@iss 


Puc. 1. Pacnpoctpanenue mMajono3BoHKoBoi cebgu B Bapenuesom mope c 1946 no 1958 rr. 

B Kpy&KkKax yKa3aHO 4HCJO 9K3eEMIIIAPOB CeIbAH, Ha Kpy2KKaMH — TOA OOHAPyXeHHA CeMbIN, 

npoyepkoM — OTpHaTebHbIe OBbI. JIMHHei OOosHayeHa 3aMaqHad rpaHHila MaJOMOSBOHKOBOH 
celbyH (no yanHpim B. K. Ecunosa, 10. 1O. Mapru, A. H. Cpetopuygosa) 


/ 

MoxHO NpesNoOXKUTb, YTO OTAe/IbHbIe 9K3EMITVIAPbI MAJIONOSBOHKOBOH CeJIb- 
lH, MoMMaHubIe y nmo6epexba Mypmana 3arnajuee Caatoro Hoca, npuuuin 
ciofla BMecTe C MHOFOMO3BOHKOBOM CebAbIO, BbIxOAmMelH us Benoro mops. Ta- 
“KOU B3PIA, MOLTBepxKMaeTcaA TEM, 4TO OOBIYHO MAJIOMO3BOHKOBAA CeJIbyb, BCTPe- 
yaiolaicd B KpaiHHx 3amagHbIxX TOUKAX,— HeOOJIbIIMX Pa3sMepOB, MONOAaA UM 
‘HemOJIOBO3pesiaA. 
; Be 
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Cenbb, BCTpevarollasica cepepHee Kanuna Hoca uw o. Kouryepa, no-Bugu 
MOMY, Bbiltia u3 UewtcKow u Ileyopcxon ry6. Ilo uccnenopanuam V1. YT. tOna 
HOBa, 3HMOBKa CO3peBalOllHX OCOGeH YeLICKOH CeJIbIM MpONCXOLUT B 3anaqHoH 
yacTH UewicKol ryObl, Haxo_swelicn NOX BOsqeHCTBHeM OesOMOpPCKHX BOJ. 
B 3HMHMe MECALLbI COSpeBalollasd CeJIblb BLIXOLMT M3 TyO WM 3a/IMBOB HM pacripese 
JiseTCA Ha toro-BocToke BapeHtlieBa MOpA B OOAaCTH TeNJIbIX TeUeHHH, vIaBHBl 
o6pa30M B 10%KHOH uacTH HoBosemesibcKOrO MeJIKOBOAbA, Kanuno-KosryescKo 
palione 4 Ha FOxKHOM cKyioHe T'ycuHon OanKu. 

J{oBobHO YaCTHIe NOMalaHvA MaJIONOSBOHKOBOH CeJIbIM Ha 1OXKHOM CKJIOH 
Tycunoti 6anxu (30, 37 sk3emmusapoB, B }OX%KHOH yacTH HoBosemeJibCKOrO Mew 
KOBObs 30 9KSEMIIAPOB) H Ha Kannuo-KoviryesckoM MewKOBOs[be (26 9k3emm- 
JIAPOB),a TaKKe CMHHUHBIe Nonalanna ee B LlenTpambubix vu I]pHOpexuplx palio- 
HaX BIVIOTh 20 KoecKorO MepHAMaHa JaloT OCHOBaHHe Mpemnonaratb, YTO Ma- 
JIOMOSBOHKOBaA CeJIbb, OCOGEHHO B OTJEJIbHbIC TOLL, MOMKET ObITh pacnpocTpa- 
HeHa 3HAaUHTeJIbHO WIHpe, YeEM JO CHX NOP ObIIO U3BeECTHO. 


TlonApHbi HayuHO-HCCefOBaTeIbCKHH WHCTHTYT Tlocrynuno 
MopcKkoro H pbiGHOTO xoOsclicTBa HM OKeaHOrpatbHH 12 VII 1960 


UMTHPOBAHHAA JIMTEPATYPA 


1A.C. Bapaueuxkosa, Tp. Mypmanck. 6Hon. cranmun, 3, 1957. 2 A. C. Ba 
paHeuHKOBa, Tp. IlomapH. HaysHO-HCCJ. HHCT. MOPCK. PbIGH. X03. H OKeaHorp., B. 10 (1957). 
> B. K. Ecunos, Tp. llomspy. wayano-vecst. WHCT. MOpPCK. PbIGH. XO3. MH OKeaHOrp., B. | 
(1938). *1O. IO. Maptu, Tp. NonapH. nayuno-vcca. HHCT. MOpCK. pbIOH. x03. H OKea: 


Horp., B. 7 (1941). ® A. H. Cperosugos, Cenpgespie, Payna CCCP, Pridu, 2, B. 1, 
1952) erp. 165: 
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Jloxnagw Akxanemun Hayr CCCP 
1961, Tom 137, N 4 


IM AJIEORTOJIOL HA 
fl. A. MONOB u K. B. MPOXOPOBA 


MOP®OJIOTMA CHOP HEKOTOPbIX COBPEMEHHbIX 
NPECTABHTEJIEH POA OSMUNDA L. 


(II pedcmacaeno akademuxom B. H. Cyxaueeoim 18 XI 1960) 


Cem. Osmundaceae — Han6ouee npumuTuBHoe B nopsake Filicales — BKmo- 
yaeT B CeOA MpescTaBuTeneh Tpex pofos: Todea, Léptopteris m Osmunda. Toc- 
AIHA po, — CaMbI KpynHblii — cocTouT u3 14 BuyoB, OGUTAIOIUx B yMepeH- 
HBIX MH TPONMYeCKHX OGacTAX 3eMHOrO mapa (1%). 

Ha Tepputopuu CCCP npoxuspactatot: Osmunda cinnamomea L., O. clay- 

_toniana L. (Jlanbunii Boctox) u O. regalis L. (Kapxas). 

Uactaa BcTpeyaemoctb cnop Osmunda B Me30-KaHHO3OHCKHX OTJIOKCHHAX 
(B CN€KTpax H3 IOpCKHX TOU cnoppl cem. Osmundacea coctaBasiT 5—20%) 
WM UX 3HAYUMTeIbHOe BHOBOe PasHOOOPasHe BbISLIBAIOT HEOOXOZMMOCTb yCTaHOB- 
JI@HAA BUMOBOrO pasiMuNA cnop Osmunda Aaa weneH crpaTurpacdun. 

OyHakO Takoe pa3jlesIeHHe HEBO3MOXKHO 6e3 3HaHHA MOpdoorHH crop 
COBpeMeHHEIX BUZOB Osmunda. Mmeroujueca B u3BeCTHOM Ham muTepaType (7, *°) 
onucaHua cnop coppemeHHEIxX Osmunda ouenb KpaTKue. B Apyrux padotax (*) 
IIPHBOAATCA TOJIbKO PHCYHKH cnop. 

B HacTOAMeH CTaTbe CTABHTCA Wesb HECKOJIbKO BOCHOJHUTb STOT Mpobe u 
cOOOULaIOTCA pe3yJIbTaTbI H3y4eHHA MOpcouOrHH cnOp ueTbIPexX BUAOB posa 
Osmunda: O. cinnamomea L., O. claytoniana L., O. regalis L. var. brevifolia 
Dsv., O. javanica Bl. 

IIpenapatsl cnop nowyueHbl 43 CHOpoBO-MbIIbiUeBOH MaGopaTopHuu Teouorn- 

eckoro HHcTHTyTa AH CCCP. 

B mpotecce uccieqoBaHuA U3MepsAJIMCh HM U3yuaIHCb WHaMeTp cop, xapak- 
Tep H BeJIMYHHAa BbIPOCTOB 9K3HHbI, FYCTOTa paCnOJOMeHHA UX, TOJIMHHA IK3H- 
Hbl, Pa3MePbl WICH pasBep3aHHA, XapakTep CMATHA Tela H UBET. 

{na ycTaHOBJIeHHA AuameTpa cnop y4uTbiBamoch 50 3epeH Kaxporo Bua 

_(6e3 BbIGopa B mpenapate). IIpouve nokasaTenH BbIABAAIUCh y 10 3epeH Kax- 
foro BUfla TaKxKe 6e3 BLIOOpa UX B Mpenapate. Ilo kpato Kaxkgoro u3 10 sepeH 
ompeseiamacb BbICcoTa M wHpuHa 10 BeIpoctos. Jia BLIABJICHHA TYCTOTHI pac- 
MIOJIOMKEHHA BbIPOCTOB 2K3HHBI OblIO B3ATO COOTHOIMeHHe UMCa BbIPOCTOB 1/4 
yacTH Kpyra K JWIMHe pafluyca, BbIpPaxKeHHOrO B MHKpOHaXx. Tak, Hallpumep, 
eCJIM 4YMCO BEIPOcToB cocTaBIaeT 50, a panuyc paBeH 26, To JP (ryctora pac- 
mlosiomwenua) 50 : 26 = 2; ecmm uncno BEIpocToB 24, a paguye 27 pw, TOP = 
== 24's Dic 1. 

Bce u3MepeHual OCYIIECTBJIAJIMCb C MOMOLLbIO OKYJIAPHOFO BHHTOBOTO MHKPpO- 

metpa AM-9—2. 
. Kak Bufo uz Taba. 1, Han6onpumMi cpenqHuit pasmep (79,0 w) mpucyny cno- 
pam O. javanica Bl., Haumenbummit (60,0 wp) — O. claytoniana L., O. cinnamo- 
mea L. 

Ilo ryctote pacnonoxenua BEIpoctos (JP) paccmoTpeHubie cbopMbl pasye- 

_ JiMioTCA Ha [Berpynmbl: neppasa rpynna (O. claytoniana L. u O. javanica Bl.), 
y Kxotopot [P.= 2, u stopaa rpynna (O. cinnamomea L. u O. regalis L. var. 
brevifolia Dsv.), y kotopoh [P = 1. 
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Ta6uuna 14 
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Mopouornuecke MoKa3aTeaM Cop HeKOTOpsIX BLOB poga Osmunda L. 
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TOJM{HHAa 9K3HHbI YBeMUHBaeT- 
ca oT 1,4 p (O. claytoniana L.) 
mo 2,9 w y O. javanica BI. C ton- 
IMMHOH 9K3HHbI CBA3aHO HaslMune 
BaxKHOrO BHAOBOTO MpH3Haka — 
cmaTHa Tema. IlocKotbky camaa 
TOHKaA 9K3HHa (1,4 w) y O. clay- 
toniana L., To 3fecbh cmatue — 


OOA3aTeJIBHbIH MpH3sHak (OTMeueH 


y 9 3 10 npocmotpeHHbIx sepen). 

Camaa TovicTasd 9K3HHa y cnop 
O. javanica Bl. (2,9 w), u 3necb 
H€SHa¥HTeJIbHBIe CKIaOUKH cCMA- 
THA OOHAPYXeHI TOKO B 2 cyry- 
yqaax u3 10. 

I[BeT cop Take cBaA3aH Cc 
TOJIMIHHOH 9K3HHEI. Y (opm, 06- 
Jlaaioujux Oolee TOHKOH 2K3HHOM 
(O. claytoniana L. nu O. cinna- 
momea L.) okpacka cnop umeer 
Ooulee CBETIbIC TOHA, Yem cop O. 
regalis L. var. brevifolia Dsv. u 
O. javanica Bl., 9x3nHa KOTOPbIX 
TOUJIILE. 

Hexotopoe juarnoctuyueckoe 
3HaveHHe MMeeT H pasmMep me 
pasBep3anua y O. regalis L.: ona 
OObIWHO MeHbUIe payuyca, y oc- 
TaJIbHbIX (OPM alle paBHa pasn- 
ycy. 

Aaa O. javanica Bl. xapax- 
TepHa [NOJyuiapopugzHad dopma 
BbIPOCTOB, Y OCTaIbHbIX BHOB 
OHa BapbupyeT OT cTONOHKOBHI- 
HOH H CylerKa OysaBOBHHOM 20 
nowlyiapoBuyzHoH.  Hanumexnpuime 
BLIPOCTH mpHcymn O. claytonia- 
na 

OcHOBbIBach Ha W3y4eHHBIX 
MOKasaTeIax, MPHBOLHM Mopdo- 
JOrHyeckoe OMMCaHHe cop yeTHI- 
pexX H3yY¥eHHBIX BHZOB Osmunda. 


Osmunda_ claytonianay L. 


D = 36—75 up (cpequnit 
60,5 2). Leer xenTOBaTO-3e1eHBIi, 
CnHopbl wapooOpasubie. Tomutuna 
Sk3HHbI 1,1—1,3 w (cpequaa 1,4). 
BenencTBve  He6ombuo > Tou- 
IMMHbI SK3HHbI = ciopa O6BHO 


CMHHaeTcA, OOpasyn (cbopmy «10- | 


jmouxnw» (1°). BpipocTst 9K3HHBI 
NOJYyIwapOBUAHbIe H CTOMOMKOBHI- 
Hble, B IlaH€ UMeIOT OKpyTvio- 
yroBaTy10 POpMy HIM HeEOOMbIUIHX 
H3BHJIMH. Buicota BErpoctos 0,2— 
2,7 (cpequaa 1,2 ), wmpuna 
0,2—2,2 p (cpennasa 1,1 p). Bur 
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pocTbhl pacnomoxenbt rycto (/P = 2). Illenb pasBep3saHua Tpexsyuepas, 
poctasd, OObl4yHO paBHa payMycy cnoppl. 


Osmunda cinnamomea L. 


D = 50—70 w (cpeanuit 59,9 uw). Leer xenToBato-3eneHbii. Dopma cnop 
Wapooopasnaa. Tommuna 9K3HHbI 1,6—2,7 p (cpequaa 2,41). LopombHo yacto 
Ha Tele CNOp OOpasyloTcA CKaKH CMATHA, PlaBHbIM O6pa30mM GOKOBBIe, pexe 
«IOAOFKOM». BbipocTbl 9K3HHbI CTOJIOMKOBHAHbIe, CJlerKa OyaBOBMAHbIe, pexke 
Nlowyuiapopupuple. Beicota Byipoctos 1,3—3,6 pw (cpequaa 2,4 vw), WIHpHHa BHI- 
poctos 0,5—3,6p (cpequaa 1,8 pw). Bripoctp: pacnonoxenbl peqKo (1 P=1). 
Ulenb Tpexsiyyepaa, OObMHO paBHa payuycy cnoppi. 


Osmunda regalis L. var. brevifolia Dsv. 


D = 61,84 uw (cpequuit 71,5 p). Oxpacka oT xKeNTOBATO-3e1eHOM 0 CBeTIIO- 
KopwuneBoH. Cnopa wapoodpasnaa. Tommuya 9K3uHEI 2,0—3,0 p (cpequan 
2,7 w). CK1aKu CMATHA Tesla COp BCTpeyaioTcA JOBOJIbHO peqKO. BaipoctThi 9K3H- 
HbI NOJYWIapOBUAHbIe, CTOJOHKOBHAHbIe, CulerKa OysaBOBHJIHbIe, B IJIaHe HMeIOT 
YIJIOBaTO-OKpyrulyio HH uepBeoOpasHyio dopmy. Bpricota’ Bpipoctos 1,4— 
3,8 w (cpenuaa 2,4 w), uIMpuHa BEIpoctos 0,7—3,1 uw (cpeauas 1,8 ). Barpocrst 
pacnouoxwenbt penKo (7 P = 1). Ulenb paspep3aHua meHbile paquyca. 


Osmunda javanica Bl. 


D = 67—97 wu (cpenyui 79 p). LpeT xKeTOBaTO-KOpHuHeBLI. Cnopa ma- 
poodpasHaa. Tommjuua 9k3HHbI 2,2—3,8 pp (cpeqHaa 2,9 pw). Cxnaqku CMATHA 
Tela CNOpbI OOpasyloTca pesqKO. BaipocTbl IK3HHbI MOMyUIAapOBHAHbIe, B MwaHe 
CJIMBaACb MMeCIOT BH, H3BHTHIX BaIMKOB. Bpicota BEIpocToB |,5—2,7 pw (cpelHAA 
2,1 w), wupuHa BEIpoctos — 1,3—2,1 p (cpeguaa 1,1 pw). Pacnonomxenne BbIpo- 
etos ryctoe ((P = 2). Ulenb pa3Bep3aHua OObIMHO paBHa pasuycy. 

Mcxofa “3 Bcero M3JIO%KeHHOTO, MeEPBbIM KPHTePHeM [WIA PaseeHHA YeTHI- 
pex uccneqoBanHEIx BuoB Osmunda crexyeT CUnTaTh MOKa3aTeJb FyCTOTHI pac- 
NowowKeHHA BEIpoctoB (JP). Cnoppt O. claytoniana L. u O. javanica Bl., rae 
UP = 2, ormuuaiotcs Apyr oT Apyra Quamertpom (60 u 79 pw), TOMMMHOH IK3HHBI 
U,4 “ 2,9 w), nour nomHbIM OTCyTCTBHeM CKJIaqoK cmaTus-_y O. javanica BI. 

B rpynne, rae 7P = 1 (O. cinnamomea L. u O. regalis L. var. brevifolia 
Dev.), BHJOBbIe OTJHUHA BLIPaKeHbl MeHee ueTKO. CmOpbl 3THX BHOB OTJIN- 
qaroTca uametTpom (60 u 71 w), membio pasBep3anua (y O. cinnamomea L. ona 
S0bINHO paBHa paguycy, y O. regalis uae Menbile pafuyca Tea). 

YcTaHOBJeHHe BHAOBLIX OTMHYHH Osmunda Bo3MOx%xKHO TOJIbKO TIpH HCIIOJIb- 
30BaHHH He OTJCJIbHbIX IPH3HAKOB, a HX KOMIVIeKCA. 

CpaBHuBad B CBeTENOJYYeHHbIX BHAOBbIX MapamMeTpoB cnopbl Osmunda, 
sCTPe4eHHbIe HAMM IPH MasIMHOJOrHYeCKOM aHaJIM3e Me30-KaHHO3OHCKUX OTVIO- 
KeHuu IIpHenncelickoh uactu SanafHo-CuOupckol HH3MeHHOCTH, C pacCMOTpeH- 
IbIMH BbILWe, MOXKHO HaHTH aHaJOrHyHble POpMbl. 

Tax, Osmunda sp. (puc. 1, 4) u3 anT-ambOckux OTIO%KeHHH B paloue p. Crim 
aeHTH4uHa Osmunda claytoniana L. (/, 3), Osmunda sp. (8) “3 BepxHemesio- 
‘bIX—HMDKHETPETHUHBIX OTIOKeHHH m0 p. Bonpmon JlyOuec umeeT cxOCTBO 

O. cinnamomea L. (5—7); oTmuuaetca TObKO MeHbINMMH pasMepamuH. Osmun- 
la sp. (15) ananoruuna O. regalis L. var. brevifolia Dsv. (12—/4); ormmuaetca 
T mocneqHeH TakxKe MeHbINHMH pa3sMepaMH. 

Ho HM B OJHOM 43 aHaJIM3HpOBaBINHXCA HaMH OOpa3ilOB, a TaK?Ke HH B OJHOM 
3 IIPOCMOTPeHHBIX HAMM aTsacOB Cop H Mbp (?-*, 1, **) He ylamocb ycTaHo- 
MTb HamHUHA OpMbI, HAeHTHUHOM Osmunda javanica Bl. 


KasauwHcKaad reovloromovckoBad 3KcneqHuHA Tlocrynuso 
KpacHospekoro reojlorHuecKoro ynpaBjeHHA 17 XI 1960 
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Jloxaagnp Ankagemuun nayr CCCP 
i961, Tem 137, Ne 4 


IKOMOLPH A 


H. H. KAPITYHHHA 


MHAMUKA COWEPKAHH SA KAPOTHHA Y KOJIOPAACKOPO KKYKA 
B MEPHO AMAPMHAJIbBHOM DKH3HH 


IIpu OOHapyxXeHHH HOBbIX O4AFOB KOIOPAaCKOFO *KyKa YaCTO. OpiBaeT BaxKHO 
YCTaHOBUTb, KaK aBHO OHH OOPAaZ0BaHCb H ABMAIOTCA JIM OOHAPyKEHHBIC KYKU 
MeCTHOFO HM 3ameTHOrO MpoucxomKzeHua. B cBASH C STUM BOSHHKaeT HEOOXO- 
[MMOCTb TOUHOTO ONpeAeNeHHA BO3PacCTa HMarHHabHOH (ha3sbi y KONOpascKoro 
KYKA, MPOLOMKATEMbHOCTH KOTOPOH OObIMHO cocTaBsaeT 12—14 Mec., xoTsA 
A3BeCTHHI CJIyUaH %KH3HM OT/eIbHBIX OCOGell HKYKAa JO WByX HM Tpex wer (*, *). 

_ B «autepatype umeroTcaA cBeqeHunA m0 OnpeseseHuio BO3pacTa KOWOpascKoro 
*KYKAa WO CTeNCHH XHTHHH3AIMM HaKpbIIMM HM OKpacKe Kpbiia (°). OynaKo 9TOT 
MeTOJ, TOJeH TOIbKO JIA ONpeeJeHUA BOZPAaCTa MOJIO[bIX HKYKOB, TAK KaK TOce 
HENPOMOJKATebHOTO TMepHOa %KH3HH HaXKpblIbA 2XKYKOB 3aTBepeBaivr, 
KPbIJIbA MPHHHMAIOT APKO-poOsoBylO OKpaCKy, H OTJMYHTb MOJIOQbIX %KYKOB 
OT NepeSHMOBaBIUHX TOJIbKO MO OKPaCKe KPblJla CTAHOBHTCH IpakTHYeCKH He- 
BO3MO2KHBIM. 

M3yyenue aHaTomMo-mopdovioruyecKHxX H3MeHeHHH BHYTPpeCHHHX OpraHOB B 
Mpowecce HMarvHaJIbHOH 2KH3HH KOMOPaACKOrO KyKa NOSBOIHO BLIABHTb 3aKkc- 
HOMepHoe H3MeHeHHe OKPAaCKH FeMOMHMCbI HM HRHPOBOrO Tea OT OIeAHO-KpeMo- 
BOrO IBeTa Y MOJIOMbIX 2KYKOB, HeaBHO OTPOAMBUIMXCA H3 KYKOJIOK, JO ApKO- 
OpaHoKeBOrO Y *KYKOB Mepe3HMOBaBIIIMX, XKXMBYUIMX BTOPoe seTO (*). 

H13 MTepaTypHBIX JaHHbIX CeOBaO, YTO 9TA OKPACKa OOYyCIOBMeHAa HaJH- 
quem B-KapOTHHa, MOCTyMaloljerO B OpraHH3M. XYKOB MPH MHTaHHH. JIMCTBOH 
KapTodess (5-7), B KOTOpOH cosepxKaHHe KapOTHHA MOKET LOCTHTaTb, B 3aBHCH- 
MOCTH OT Cpoka Beretanuu, 20—70 mr-% (8). 

Metoyom xKouIMuecTBeHHOTO OMpeseseHHA KapOTHHA Y *XYKOB B pa3JIMUHbIe 
TOUHO H3BECTHbIC NepHObl UMATHHAJIbHOM %KU3HH TpeOOBaJIOCb MPOBePHTh BbI- 
ABJICHHYIO 3AKOHOMePHOCTb H3MeHEHHA OKpacKH. 
© -Ilpu ompeyxenenuu KapoTuna 3a ocHoBy Oba B3ATa MeToquKa M. K. Myppu 
(*). TI[pwumun meToxa 3akslouasICA B CJIELYIOUICM: B3BeLWICHHbIX KHBbIX 2K YKOB 
TULATeJIBHO PaCTUPasIH B CTYMKe C HeOOJIbIIHM KOJIMYECTBOM KBaplleBOro NecKka 
M yIvJI€KHCIOM COfbI;;.KapOTHH 9KCTparMpoBaslH u3 MCceLyemMoro ‘MaTepvana 
aIleTOHOM HM 3aTeM MepeBOANIU B NeTPOMeHHbI SUP; CONYTCTBYIOMMH KapOTHHY 
AMKOMUMH (’) yaa W3 pacTBOpa B aCcOpOMMOHHOH TpyOKe; KOJIMYeCTBO Kapo- 
TAHA B NeTpoeiHOM scdupe ONpeseUAH MO WHTCHCHBHOCTH 2Ke/TOH Okpacku 
PpacTBopa MyTeM cpaBHeHHw ero B KOsopuMmeTpe (KOJI-1M) co cTanyzapTHEm™ 
PacTBOpoM a306eH30.1a. KoviMuecTBO KapOTHHa pole yenes B MJT aMM- 
ep vere 110 OTHOIEHHIO K BeCy HaceKOMOrO. eee 

{ia uccelopaHHnl B ceTYaTOM HHCeKTAapHH ObIA BOCIIMTaH MaTepHas, 03- 

AMBUIMM COMOCTABHTS COfepxKaHve KapoOTHHa y %KYKOB OMHOTO BOspacta, OF* 
OMMBUWIHXCA B pasHbie CpoKH, HIK Y beens a Bangle eich K- Laeaiesieees 
renepamusam (Ta61. 1). B28 
 B Ta6a. 1 npuBeyeHbl Wnppl, nouyyeHHble B! pe3yabTare. NecneIDEaRE 
1959 r. CneqyeT oTmeTHTb, uTO uccAeqoBanus 1960 F., HPOBOAMBINMeCA B He- 
¢KOAbKO WHOM’ Hviane, NOLTBEPAHAH yCTaHOBMeHH YO: gaKOHOMePHOCTh: B H8Me- 
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(II pedcmaéeaeno axkademuxom E. H. Ilaeaoscxum 24 XI 1560) 


ial Oana ant 


Kowmu4ecTBo KapOTHHa Y *#KYKOB B Pa3JIH4Hble MepHOs bi UMarHHaJIbHOH 2KH3HH 


CpegqHHi Bec OWHOH KomwHuecTBO KapoTH- 
ocoonu, r Ha, Mr-% 
MatepHaw 
Qe fofle) 29 oo 
OWHOAHeEBHBIe %KYKH 
1-a reHepauua, oTpog. 23 VII 0,1063 0,0840 18,1 ORS 
1-a renepauua, oTrpoy. 24 VIII 0, 0904 0,0864 WL eh ANT ard 
2-a renepauna, oTpoy. 19 VIII 0,1130 Ondo) 18,8 A dngT 
CeMu{HeBHbIe 2K YKH 
4-a reHepauna, oTtpog. 24 VIII O23} ORs 2s) eae oa 
2-aq renepauna, oTpox. 23 VIII 0,1387 0,41178 24,29 24,7 
Auneklakyive *KyKH 
{-a reHepamua, BospacT 23 nHA 0,1649 0,1324 30,0 AO) 245 
IlepesuMoBaBuine, BOspacT oKoNo 4 roga 0,1364 0,1106 45,4 45,3 
YKyku, yllemiuMe Ha 3HMOBKY 
Bospacr 1 mec., quanay3a c 4 VIII 0,1385 0,1294 33,95 OIL Th 
Bospact 4 mec., Auamay3a c 2 IX { 0,1496 — a) ae a 
Bospact 7—12 que, quanay3a c 4 VIII 1 04489 On t24 5 ualee 20nu 24,8 


H€HHM KOJIMYeCTBa KaPpOTHHA C BO3pacTOM KOJOpafscKoro *KykKa. JByxvieTHuE 
UCCJI€@MOBaHHA WOKa3asIW, YTO Y 2KYKOB OHOFO BO3pacTa HeE3aBHCHMO OT CpOKé 
pasBUTHA HW OT reHepallHH KOJIMYeECTBO KapOTHHA MpPHOJM3HTebHO OJHHaAKOBO 
Hert pe3kHX pa3JIH4HH B COJepxKaHHH KapOTHHa y CaMOK H CaMIOB. 

JjocTaTouHoO BbICOKad KOHIWeHTpalluA KapOTHHAa OTMe¥eHa Y TOJIbKO 4TO OK 
PbLIMBUIMXCA 2%KYKOB, He MPHCTyMaBIUIHX K MHTAHHIO (OJHOAHEBHBIe KYKH), UTO. 
110-BAJMMOMY, MOXKHO OObACHHTb HAKOMVJICHHEM KapOTHHA Ha JIMYMHOUHON (pase 
pasBuTua (°®, *). 

Y MHTAaIoulHXCA %KYKOB KOJIMYeCTBO KapOTHHA ObICTpO YyBeJIMUMBaeTCA 
OjHakoO MHTCHCHBHOCTbh HaKOIMJICHHA KaPpOTHHA B TEUCHHE AKTHBHOM KH3HM Ha 
ceKOMOrO He OJMHaKOBAa: OHA BBIILe B TMepBbIe JHA MHTAaHHA HW NOCTeMeHHO CHM 
*KaeTCH K KOHILY 2KH3HH. Ilo HawiumM noscueTaM, HHTCHCHBHOCTb HaKOIVJIeHHs 
KapOTHHa (T. €. €XKeHEBHbIM MPHpocT KapoTHHa) 3a HepBble WecTb AHEM MHTAa 
HHA, TepBbIH MeCAL NHMTAHHA HU 3a IWeCTb MeCAIe€B MHTaHHA BbIpaxKaeTca, COOT 
BeTCTBeHHO, WHppamu 1,0: 0,5 u 0,15 mr-%. 

B wuTepatype ecTb CBeeHHA, YTO KAPOTHH MOCTyMaeT B OpraHv3M KosIopar 
ckoro 2KyKa Cc nuueH. Haim onbiTbl C BbIKAPMJIHBaHHeM XKYKOB B rurpoctata) 
JIMCTbAMH KapTodea, CofepKalimMu oKos0 20 mr-% KapOTHHa, HW MOJIOJbIMI 
KJIYOHAMH, B KOTOPBIX ObIIM OOHAPYyXKeHbI TOMbKO HeE3HAYHTeJIbHbIe CEAbI Kapo 
THHA, NOATBEPAHIH STOT (akT: 


Matepnan Cpeguui pec ogHot ocoéu, r KoanuectBo KapoTuua, mr-§ 


7KYKM nmepe OllblITOM (OQHOHEB- 


Hble, He MHTasHcb) 0, 0812 141,14 
YKyxu, uutrepusueca 10 quent 

JHCThAMM Kaprowea 0,1364 Pade 
Kyku, nurapuueca 10 qHeH Mo- 

JOLbIMH. KJITYOHAMM KapToess 0,1209 8,8 


Kak BYHO W3 MpHBeAeHHbIX JaHHbIX, Y XYKOB, MMTaBUIMXCA B TeYeHH 
10 qHeli WHCTbDAMM KapTodeis, KOJHUECTBO KAPOTHHA YBEMUYHJOCb MOUTH BABOE 
*KYKH, NNTABLUIMeCA KJIYOHAMH KapTodesA, 3a STOT 2%Ke NepHO KapoOTHHa He Ha 
KONHAH COBepmieHHoO. Pa3sM4YHy!O HHTCHCHBHOCTb HaKOMJICHHA KAapOTHHa MOXKH 
OObACHHT TeM, YTO HaHOosee BHICOKHH MpOWeHT yCoBOeHHA MMU HaGOMaeTC 
MMCHHO Y MOJIOJBIX 2%KYKOB MOCJIe HX OKPbWICHHA, 3aTeEM CHW KaeTCH y KYKO 
meped 3MMOBKOM H, Jaslee, y %KYKOB, BbILIeMUIHX M3 3MMOBKH (14), 

KonuyecTBo KapoTHHa y %KyKOB, YXOMAMLMX Ha 3HMOBKY, MO2XKeT ObITb pas 
JIMUHbIM B 3aBHCHMOCTH OT BPpeMeHH NHTaHHA Tepe, yxoNOM Ha 3HMOBKy. Tab 
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*KYKU, MHTABWIMeCA OKOJIO MeCALa H yulequIHe Ha 3HMOBKY Hocsle OTKJa,Ku 
AMI, MMeJIM MOUTH OJMHAKOBOe KOJIHYECTBO KapOTHHa He€3aBHCHMO OT Cpoka 
yxOjla Ha S3HMOBKy: B TO 2Ke BP€MA KYKH, MHTABINMeCH Nepey yxXOOM Ha 3MMOB- 
ky B TeyeHHe 7—12 Hel, codepxKaNH KapOTHHA 3Ha4HMTeIbHO MeHBILe. 

HanOomee BbICOKOe cofepxKaHve KapOTHHa OTMeYeHO y MepesHMOBaBLIMX 
XKYKOB, YTO BIMOJIHE COOTBETCTByeT HaHOoee APKOM OKPacKe X%KMPOBOrO Tesla Ul 
TeEMOJIMMbI Y XYKOB B TOT NepHos. BuicoKoe cofepxaHHe KapoTHHa, a BCJIEL- 
CTBHe STOrO HW APKasA OKPacKa TeMOJHM@bI KH XUPOBOrO Tela MOTYT CJTYXKUTb 
‘HarJiAubIM MpH3HaKOM JIA OTHYMA NepeSHMOBaBIIMX XKYKOB OT XYKOB, %KH- 
BYWHX MepBoe JeTO, YTO HMeeT MPakTHYeCKOe 3HAYeHHe Mp XapakTepucTHKe 
ouaros. 

IlofBoxA uTOr NpOBeeHHbIM HCCJIEOBAHHAM, MO?KHO CKa3aTb, YTO pe3yuib- 
TaTbl ONpeeIeHHA KaPOTHHA NOATBepAWIH 3aBHCHMOCTb OKPacKH TemMOJUMbI 
HM XMpoOBOro Tesla OT COJepKaAHHA KapOTHHA B OPpraHu3me KOJOpaCKOrO Ryka. 
- OcHOoBbIBasch Ha TOJIYYeHHBIX JaHHEIX, TOBOPAMHX O MOCTeMeHHOM yBeJIH- 
‘YeCHHM KOJIMYCCTBA KapOTUHa B TeYeHHe BCeli HMArHHa/bHOM 2KUZHH HaCeKOMOTO, 
‘MOXKHO MPeMMOOKUTb, YTO KapOTHH, NOCcTyNaoMNi B OpraHu3m KosopascKoro 
*KyKa C WHWeH, MOCTeMeHHO HakKallJIHBaeTCA B reMouHMde H %KHPOBOM Tele, a 
‘TIPH pacxoAOBaHHu pesepBOB %KUPOBOrO Tela KapOTHH ocTaeTcHA, eM KH OOBSAC- 
HAeTCA ero HanOoulbulee coepxKaHHe y Mepe3HMOBAaBLIMX 2%XKYKOB. 

J{aHuble 10 JHHaMuKe COepxKaHHA KapOTHHA B NepHo, MMarHhaJIbHOW 2Ku3- 
HH KOJIOpayCKOrO *KYKa MOMKHO HCHONb3OBaTb WIA OTMMYNA Nepe3HMOBaBIIH xX 
OKYKOB OT X%KYKOB, 2KMBYWIUX MepBoe NeTO, U AIA NpHOH3HTeMbHOrO ONpesete- 
HHA BOSpacta KOJIOpagwcKoro *KyKa. 

ToT akT, 4TO KOJOpasCKH KYK ABJIACTCA Kak Obl AKKYMYJIATOPOM KapOTHHa, 
M10J{0OHO TOMY 4TO ObIIO yxKe yCTaHOBeHO WIA capanun (12), mpeqcTaBneT He- 
COMHeHHBIM uHTepec. M1 xoTA KapoTHHOHJaM HaCeKOMBIX He IIPHMHCbIBaeTCA JO 
CHX NOp HHKaKOH ciellMpuyecKoH Pu3sHOIOrHYeCKOH (PyHKIMH, MOXKHO Mpeno- 
JIOKUTb, YTO OHH BCE Ke HIpaloT KaKyl0-TO OMPeesICHHYIO POJIb B KHSHEHHDIX 
mpoleccax, OCOOeHHO eCJIH yYeCTh NPOBHTAMHHHYW POJlb KapOTHHa. 


Bcecoro3Hbiit Tlocrynuio 
HHCTHTYT 3aLHTbI pacTeHHit 14 XI 1960 
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IKOJIOCHA 


JI. 3. POHOHOBA 


KPHTHUECKHE MEPHOAbI B OHTOTEHE3E KHTAMCKOLO 
AYBOBOTO WEJIKOMNPATA (ANTHERAEA PERNYI G-M.) 


(IT pedcmaeaexo axademuxom E. H. Haeaceckxum 9 XI 1960) 


YcToHuuBocTh HacCeKOMBIX K MOBpe?KaloluluM areHTaM BHeLIHeH cpefbI Ha 
pasHbIX 93TamaxX HX HHAMBHAyanbHOrO pa3BHTHA HeOfsMHakoBa. Bpiapsenue 
oco60 UYBCTBUTEIbHBIX (KpHTH4eCKHX) TepHOJOB, MOMHMO GesycmOBHOrO TeO- 
peTHuecKoro “3HayeHNa, HMeeT TakxKe OONbUIOH NMpakTHyecKHH MuTepec. SHa- 
HHe TaKHX -e€PpHOAOB MOBbINICHHOM YYBCTBHTeJIbHOCTH JIS XO3AHCTBEHHO TIO- 
JI@3HbIX BYOB HeOOXOAMMO IPH yCTaHOBAeCHHM pexKHMOB HX pasBemenHA. J na 
BPeMHbIX BHOB OHO HEOOXOAMMO IIpH paspaOoTKe s*PpeKTHBHEIX Mep OopbOnl. 

B 3MOpvOHasIbHOM VM JIMYHHOUHOM pa3BHTHH KHTalcKoro AyOoBoro UleJIKO- 
mIpaa HaMH ObWIH BbIABJICHbI MePHOAbl BbICOKOM YYBCTBHTeIbHOCTH K JeHCTBHIO 
CyOeTaIbHBIX J03 BbICOKOM Temuepatypp (+). Ipegcrapaanocb HeOOxXOAMMbIM 
BBIACHHTb, ABJIAIOTCA JIM 9TH TMepHObI MOBbILICHHOH UYYBCTBHTeJIbHOCTH AIL 
H JIMUMHOK CHeMMPHYHBIMM TOJIDKO K JeHCTBHIO BbICOKOH TemMepaTypbl HIM 2%e 
OHM He 3aBHCAT OT XapakTepa noBpexarollero areHTa. B cBa3H C 9THM OBO 
pelleHO ONPeeIHTh KPHTHYeCKHE NepHOAb! B IMOPHOHAJIbHOM H JIMYHMHOUHOM 
PpasBUTHH: AyOOBOoro WeNIKONpALa K APyrHM NOBpexkaioulMM areHTaM, HW Mmpex- 
Ae BCero K MaJIbIM JO3aM CHHHJIbHOK KHCIOTHI (HCN). 

JJelicTBve CHHHJIbHOM KHCJIOTbI Ha OPraHH3M HaCeKOMOFO HaXOHTCA B IIps- 
MOM 3@BHCHMOCTH OT HHTCHCHBHOCTH MpoleccoB OOMeHa BellleCTB H HX HallpaB- 
JieHHOCTH. B xoje pasBHTHA HaCe€KOMBIX HHT€HCHBHOCTbh MeTaOOJIH3Ma HeOjIH- 
HaKOBa, M Ha OTJCJIbHBIX eFO 9TaMax HaONOMaTCH 3aKOHOMePpHbIe PHTMHY- 
HbI€ MOHWAKCHHA, CMCHAeMbI€ 3aTeEM Pe3KHM YyCHJIeHveM OOMeHa BellecTB. Ila- 
Je@HHe MHTCHCHBHOCTH MpoleccoB OOMeHa BellecTB HaOsOMaeTCA Kak B OTCJb- 
HbI€ MePHObl pasBUTHA IMOPHOHA, TaK HW BO BPeMHA JIMHEK, MeTamopdosa 4H, 
OcOOeHHO 3HAYHTeJIbHOe, MpH AMarayse. : 

CuHUJIbHad KMCJIOTA SABJACTCH MHTMOMTOPOM IMTOXpOMOKCHasbl — cpep* 
MeHTAa,, KaTaJIM3HpylolleroO OKMCJIeEHHe BOCCTaHOBJIEHHOM YaCTH IWMTOXpOMa 
C(*, *). Mmewrca Take yKa3aHua Ha TO, UTO CHHMIbHaA KHCOTa TOPMO3HT 
aAKTHBHOCTh pxja ApyrHx depMewTOB, C MOMOL{bIO KOTOPbIX OCYIeCTBIAeTCA 
aspoOHoe jbixanue (*). Tlostomy oKxcuyaTuBHbIli OOMeH HaCeKOMBIX, mpeo6.a- 
alollMH B MepHOMbl pOCTa, MOUTH NOMHOCTHIO NOMAaBIAeTCA CHHHJIbHOM KUCJIO- 
TOH, B TO BpeMA KaK Ha AHOKCHaTMBHbIli OOMeH, MpeoOnagaoul“i B nepHoy 
AManay3bl, OHA He JelicTByeT (7, *, °). 

OKcHepiMeHTaNbHO WoKasano (7), uro y sun Melanoplus dilfcrentialis Bo 
BpeMA pasBHTHa OKONO 80% AbIXaHHA CHMMAeTCH WMaHHCTbIM BOJOposoM, 
a 20% ABJIAETCH WHaHOpesHCTeHTHLIM. Y j\Manay3MpyIoulMx AML TOTO x%Ke BULA 
BCe [bIXaHHe TOPMOxKeHMIO He Nosaetcs. Ilo JaHHbiIm KoxanuuKoga (°, *), 
HWaHOPe3HCTCHTHAA YaCTb [bIXaHHA YCTOMYMBa K HH3KHM TemMepaTypam, a Ta 
YacTb IbIXAHHA, KOTOPAA NOMaBJIAeCTCA CHHUJIbHOM KHCJIOTON, CHHMaeTCA TakxKe 
H HHSKHMM TemnepaTypamMu. CileOBaTebHO, CTeleHb yCTOMUMBOCTH OpraHu3Ma 
HaC€KOMOPO K CMHHWJIbHOM KHCJIOTe B H3BeCTHOH Mepe JO/KHa OTpaxKaTb KaK 


ypOBeHb lipoleccos MeTaOou3Ma, Tak M Mpeo6maanve Toro HIM HHOFO TuMA 
WbIXaHHA. 
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B MpvBeseHHbIxX HHKe ONbITAX CHHHJIbHaA KHCJIOTAa MpHMeHAaCb B KOH- 
ueHTpaun 0,075% B 1 m® Bosgyxa. Ja nomyyeHHA yKa3aHHOM KOHIeHTpa- 
WMH CHHHJIbHOM KHCJIOTHI Ha 9KCHKATOP emKocTbIO 1,3 @ Opanocb 3,7 mr WHaHH- 
cTOrO KaJIMA, COfepxallero OKONO 75% wHana. HapecKa wHaHucToro KaJHA 
Ha YaCOBOM CTeKe MOMelalaCb Ha HO 9KCHKaTOpa, B CpeqHeH YacTH KOTOpOrO 
YKPelJIAJIMCb MCWIOUKH H3 WeIKOBOrO CHTa C MOMONbITHBIMA HACCKOMBIMH. 3a- 
TeM Ha Kpali yacoBoro CTeKJIa HaHOCHJacb Kama 30% CepHOH KHCJIOTEI, KOTO- 
pad, mocie TOTO Kak 9KCHKa- 

TOP 3aKPbIBaJICA KpbILIKOH, Co- 


eNMHAaCh C HAaBeCKOH WMaHH- Ne HWE ry 
eTOro KaJus. 90 
ONbITEI MpOBOAMJIHCh IIpH 80 
akcnosHuHH | u 2 4aca. Bo 0 
BCeM OCTaIbHOM MaTepHal Hu § ,, 
MeTO(MKa ObIIM TaKHMH xe, & ; 
Kak H Mp BbIABIeCHHH uyB- ae 
CIBUTCJIbHLIX TepHOoB mpH = 
BoselictBHu. cyOetambunix = 
103 BbICOKOM TemmepaTyppl. ee 


OjHOBpeMeHHO c onpeemeHHem 
YCTOHYMBOCTH AHI K CyOuleTasIb- 
HbIM (034M BbICOKOH TemMepa- 
TYPbl H CHHHJIbHOM KHCJIOTHI a 8 2 a 


yCTaHaBJIMBaIHCb MOp(oJIOrH- oe des eae anecoro. 1yGono 
ue. 1, UyscrButesbHocTb - 
HeCKHE STalIbl PasBUTHA 3MOpHO- TO WeIKONpAa K CHHHIbHOH KueoTe (0,075 r B 


Ha lIpu Temlepatype 17—17,5° 1 mS sosgyxa). OxKcnosmumn: 1—1 uac, 2— 
f). 2Quaca, a — OOpas0BaHue H pocT 3apoOmbILIeBOH mMos0C- 
Ha puc. 1 npegcrapnennr *%, © — norpyxenvie sapogsumenolt nomockn B 2Ke- 


; ROK e Gua O6acTOKHHe3, 2 — 3aBeplieHHe H o6pa30Ba- 
PesyJIbTaTbI ONBITOB MO BJIMA- ye nHyMHOUHBIX CHcCTeM GpraHoB, 0 — JaubHelHe 
HHIO CHHHJIBHOH KUHCJIOTbI Ha pOcT H pa3sBHTHe 3apoppliua 


alia jyOoporo meiKONpsya. 
Kak moka3biBaioT IIpuBeeHHbIe 
Ha pHCyHKe KPHBble, yCTOMYHBOCTh SMOPHOHA K CHHHJIbHOM KHCJIOTe B OTEJIb- 
HbIe MepHOMbI pasBuTUA HeOmMHaKoBa. HanOoviee BLICOKaA YYBCTBUTEJIbHOCTb 9M- 
OpvoHa K cyOleTaIbHbIM 034M CHHHJIbHOH KHCJIOTbI OTMeYaeTCA Yepes 12 Yac. 
mocie Havalla Pa3BHTHA 3apOMbILIeBOH MOJIOCKH, 3aTe€M OHA BBICOKa Ha 
4—5 cyTKu mocme Hayala pa3sBHTHA (Mepey OmacTOKHMHe3OM) H, HaKOHell, Ha 
9—11 cyTKu, Korga MponcxofuT 3apepuieHve (hOpMHpOBaHHA JIMUMHOUHEIX 
CHCTeM OpraHOB. ITH MepHOsbI NOBHILICHHOM UYBCTBHTeJIbHOCTH CMeHAIOTCA 3Ha- 
WHTeCJIbHBIMH ee chafamu. [lameHHe 4yBCTBHTeJIbHOCTH HaOwlOaeTCA B MpoMme- 
wKyTKax oT |-ro fo 4-ro JHA pa3sBHTHA 9MOpHoHa, OT 5-ro 10 9-ro AHA H, OCcO6eH- 
HO 3Ha4HTeIbHOe, BO BpeMA NoceqHel TpeTH pasBHTHA, OT 1l-ro qua u ZO 
BbIIYMJICHHA JIMUHHKH H3 ALIA. 
| Ha pue. 2 mpegzcTaBueHbI pe3ybTATbI OMITOB M0 ONpeleIeHHIO MepHosoB 
MOBbIMCHHOM YYBCTBUTeIbHOCTH K CHHHJIbHOM KUCMOTe y ryCeHHI, KMTalcKoro 
y6osoro Wenkonpsaga pasHoro Bospacta. Kak BHHO, yCTOMYMBOCTb ryceHHl 
B OOULEM YBeJIMYHBaeTCH MO Mepe HX pocTa HM pasBuTHA. OOpaulaeT Ha ce6a 
BHuMaHue II BospacT, B KOTOPOM I[HaHOpe3HCTeHTHOCTb TyCeHHI, MafaeT JO 
MuHuMyMa. Bo Bpema anHexk Ha III, IV u V Bospactbl ycTo4nBocTh ryceHul, 
B Hadasle JIMHbKH Oblla 3HAUHTeIbHO MeHbIe, 4eEM B ee KOHUe. Mckm04eHHeM 
ABJIAIOTCA PYCeHHUbI, MHHAIOULMe Ha II BospacT, KOTOpble, HaOGOpOT, B Hauase 
AMHbKM Oosiee WHaHOpesHCTeHTbI, YEM B €€ KOHILE. 

O6pauladcb K MpH4HHaM, BbISbIBAIOWIMM H3MeHEHHA yCTOMYMBOCTH SMOpHo- 
Ha KuTaiicKoro myOoBoro wemkonpsAya K CHHHJIbHOM KMCOTe, CleqyeT Hanom- 
HUTS, 4TO, NO ZanHpm Ienpyewosoli (8), H3y4aBUIeit pPHTMMUHOCTD AbIXaHHA 
S5Toro Ba, NepHok opmupoBaHHA 3apO%bUeBOH MOMOCKH M AuddpepeHun- 
POBKM OCHOBHBIX CHCTeM OpraHOB, HeCMOTpA Ha ObICTpbI pocT sMOpuoHa, xa- 
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pakTepH3syercA MaJIOH HHTCHCHBHOCTHIO oOmeHa, a TepHoy OacTOKHHesa 3Ha- 
YHTCJIbHbIM CHH?KCHHEM EYfoO. PesKkoe YBeJIMYeCHHE UMHTeCHCHBHOCTH JibIXaHuA 


HaOsOaoch JIMIWIb MWocwye OKOHYaAHHA 6acTOKMHesa. ConocTaBiad 93TH au- 


HbIe C pe3yJIbTAaTaMH Hallet paOoTbl, MOXKHO BUeTb, YTO BO BpeMA OacTOKU- 
He3a 3HAYHTeIbHOe CHHXKEHHE TPOWeCCOB OOMeHa COMPOBOKAaeTCA MOBbILIeHHeM 


I[MaHOpe3HCTEHTHOCTH SMOPHOHA, B TO BPeCMA Kak YBeJIMYeCHHIO MpomeccoB o6-. 


MeHa HM MOBbIMICHHIO HHTCHCHBHOCTH JbIXaHHA B Hayase OOpas0BaHuA 3apOJbI- 
IWeBOH MOJOCKH MW MOCJI€ OKOHYAHHA OlaCTOKHHe3a COOTBETCTBYeT 3HAUHTeJIb- 
HO€ TOBbINIGHHe YYBCTBHTCJIbHOCTH SMOPHOHA K CHHHJbHOM KHCUJIOTe. 
IIpH oOcyxeHHH BOMpoca O MpH4HHax ycTOMYHBOCTH IMOpHOHA MO OTHO- 
IWeHHIO K JeHCTBHIO CHHHJIBHOH KUCJIOTHI HEIb3Ah TakxKe HE OTMETHTb H Me€XaHH- 
9) YeCK 10 3 allMTHY1O: 
PpOJlb 2KeJITKa WU AKWe- 
BbIX OOoO04eK. SallyuT- 
Hoe 3HaYeHHe XKeJITKAa 


© 
S 
| 
= 


Auxoxa 


BpeMA OylacTOKHHesa, 
Kora 3apoblienar 
mooca nmorpy2xKaeTcs B 
XKeJITOK VW OKagblBaeTca 
B H3BeCTHOH Mepe 3a- 
IHUeEHHOH ero cCJIOeM 
OT BPpeHbIX BO3seH- 


Tint 24 bin! 24 bt 24 Col 2 4 6 bh Oe niereeneeas 
I Bosp IT Bosp ITT Bosp IV Bosp. V bosp. 3 
STO coo6paxkenue NoT- 


Puc. 2. UyscTsutebHocTh ryceHul, KkHTalickoro fyOoporo TBepKMaeTCA HW TeM, 
WelkOnpazAa K cHHMIbHOH KucOTe (0,075 rB 1 mM’ Bosqyxa). yro nocne 6acTOKHHe- 


OKkcno3snuunH: J — 1 uac, 2 — 2 yaca 3a, Korya 3apO[bIL 

BHOBb BbIXOLHT Ha MOBEPXHOCTb XKeJITKA, YCTOMUMBOCTb ero K HeOarompusAT- 
HbIM BO3JeHCTBHAM Cpefbl pe3KO CHHKaeTcA. ; 

TloppiiieHve YYBCTBUTeJIbHOCTH SMOpHOHa K CHHUJIbHOW KuCOTe ObIIO OT- 

MeyeHO HaMH H Tepe, NMOrpy2xXeHHeM 3apObIIeBOH MOJIOCKH B KeJITOK (5-e 

CyTKH), Kkorga, No Zanupm UlenbyzewioBpoh, HHTCHCHBHOCTb TpoweccoB OOmeHa 


HW J\bIXaHHA CPaBHHTeJIbHO HeBeJINKa. Bo3mMoxkKHO, yTO H3MCHCHHA HWHTCHCHB-. 


HOCTH JbIXaHHA Ha 9TOM JTaMe He OOHapyKeHO [lenbyemoBoK u3-3a OBICTporo 
Ppa3sBHTHA IMOPHOHA MPH UCMOMb3yeMOH e10 ,.TeMMepaType 25° H OTHOCHTeJbHO 
peAKUX ONMpeeseHHH Tra3000MeHa, MPOBOJMMBIX Yepes KarxKble CYTKH OT Ha- 
Yasla pa3sBuTuA. B HalllHx %Ke OMbITaX OMpeeeHHe WHaHOPe3SHCTeHTHOCTH IIpo- 
BOJHJIOCb Kable CyTKH c 12 yac. OT Ha¥asla pasBHTHA, HO AHWa pa3sBUBaJIHCb 
pH Temnepatype 17—17,5°, uTo oGycnoBMBaIO 3aMelVJIeHHOe pa3sBHTHe 9M- 
OpHOHOB HM OGeCMeYMBasIO BO3MOXHOCTb Oovlee JeTabHO H3YYHTb H3MeCHeHHA 
HX yCTOHYHBOCTH. 


CueqyeT TakxKe OTMETHTb, UTO HaGsIOLaeMoe HAMM MOBbIMIeHHe YCTOHYMBOCTH | 
B KOHI€ SMOpHOHaIbHOrO pasBHTHA coueTaetca (no Mlenblemoson) c yBeuH- | 


WYeHHeM Ta3s00OMeHa. STO MPOTHBOPeYHT CYLLeCTBYIOUIEMy MHeHHIO O TOM, 4TO 
CMOCOOHOCTh TKaHeH K AHOKCHOMO3y MaaeT 10 Mepe pa3BHTHA 3apombuua (°%). 
YpenwueHHe OKCHOMOTHYeCKOrO JILIXAHHA Ha 3TOM STANe PasBUTHA MOMKHO 
ObIIO Obl BLISBATb TMOBbILMEHHE UYBCTBUTeJIbHOCTH 9MOPHOHA K CHHUJIbHOM KUC- 
JioTe. Ho 3fecb, 10-BHXMMOMY, BKJIOUaIOTCH KaKHe-TO [pyre HeH3BeCTHbIe HaM 
Tpowecchl, OaroapA KOTOPbIM yCTOMUHBOCTh SMOpHOHAa B KOHLUe ero pasBH- 
THA YBeJIMYMBaeTCAH BMeCTe C POCTOM HHTCHCHBHOCTH fra300OmMeHa. 

Hat auuble 10 WMaHOpesHCTeHTHOCTH ryceHH AyOoBoro wWesKONpALa B 
OOUeM COrsacyroTCA C HMeIONIMMUCA B WHTepaType MaTepHamamu 110 ra3006- 
MeHy ryceHul 9Toro Bua (1°, 1). MHTencuBuocTb ra3006MeHa, NO aHHbIM IMTH- 
PyeMbIX aBTOPOB, CHH2KaeTCAH MO Mepe pocTa TyceHHIl, a yCTOHYHBOCTb UX, 
cOriacHO HalllMM J[aHHbIM, HaOOOpoT, BOspacTaeT. MakcHMaJIbHOe MOBBILIeHHe 
HHTCHCHBHOCTH MOTpeOIeHHA KHCMIOpOLa OTMeuaeTca CasoHoBoi (1°) BO BTOpOM 
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OCOOeHHO BbIParxKeHO BO: 


t 


Bospacte. MmenHo B 93TOM BOspacTe WHaHOYCTOMYMBOCTH ryceHHIL WocTuraeT 
MHHHMyma. OfHako B Hayasie MMHeK Ha BCe MOcAeLyIoulve BOspacTH! WHaHOpe- 
SHCTEHTHOCTh TyCeHHIl, HECMOTPA Ha CHHKCHHE B STM NePHOAbI MHTCHCHBHOCTU 
TasooOMeHa, MeHbIlle, YeM Y TOJIbKO 4TO TepeMHABIIMX (OenOroOBbIX), KOrLa 
MHTCHCHBHOCTS rasooOmeHa BO3pacTaeT. CHH2KeHHe HHTCHCHBHOCTH ra3006meHa 
BO BpeMA JIMHEK YaCTHYHO OOYCOBJEHO TeM, YTOTYCeHHIbI MepecTaioT MUTAaTECA 
‘W [BUTraTbCA M YTO B. STO BPEMA B OCHOBHOM COXpaHAeTCA TOMbKO 6a3aJIbHbIii 
o0Omen. B TO xe BpeMA B OpraHH3Me JIMHAIOWINX FYCeHHIL MPOUCXOAT C/O*KHBIC 
@usvouormueckue MpoOwecchl, CBASAHHbI€ C OOpas0BaHHeM HOBOM ~KYTHKYJBI. 
Ilo muexnuto Tower ('”), 10 c1O2KHOCTH 3TH Mpolecchl MOXKHO NpUpaBHATh K AB- 
JIGHHAM THCTOIM3a HW rucToreHe3a. [losTOmMy TKaHeBOH MeTaOOH3M Ha 3TOM 
orare Pa3sBUTHA MpOXOAUT Ha BLICOKOM ypoBHe. B mosre TobKO TO NepesH- 
HABUIMX (OeOrONOBbIX) ryCeHHU, 10 CpaBHeHHIO CO «CIAUIMMU», HaGmOaeTCh 
YyMeHbieHHe 4uCa MHTOZOB ('°) H MpeKpalljaeTca BbIeeHHe CeKpeTa NpHexka> 
IumMu Tenamu, Corpora allata (**). Ecau ucxogquTb “3 nomoxKeHusA, 4TO Opra- 
‘HH3M HaCe€KOMOTO B MepHOAbI NOHHKCHUA KHSHEHHHIX CPYHKUMN OKeH ObITb 
Ooulee yCTOHYHBLIM K BPCMHbIM BO3TelCTBHAM, 4M B MePHObI BbICOKOrO MeTa- 
O0JIH3Ma, TO IIPHBeeHHbIe JIMTepaTypHbie JaHHbIe NOATBepKAawT UH OTUACTH 
OObACHAIOT CeaHHbIli HAMM BHIBOL O MpHyHHaX Goee BHICOKOM UyBCTBUTE Ib 
HocTH ryceHul, AyOOBOrO WieIKONpALa B Havase JIMHbKH, HEKeJIM B KOHL ee, 
Jina Oonee rayOokoro u3y4eHHA 3THX MpPHYHH HeEOOXOJMMbI JONOMHUTebHBI 

CCJIeOBaHHA. : 
_ ConocTaBjieHve TpescTaBJIeHHbIX B HaCTOAIMeM COOOMICHHH aHHbIX Cc pe- 
SYJbTaTaMM Hallie paOoTh 10 BbIABJICHHIO KPHTHY€CKHX NePHOOB B pasBuTHU 
Wy6onoro wWenkKonpsya myTem BoszelcTBHA CyOeTaIbHbIX [03 BbICOKOH TEM+ 
Tiepatypui (1) nokasbiBaeT, YTO NepHOZbI HaHOovbIIel YyBCTBHTeJIbHOCTH. y 39M- 
OpHOHOB HM ryCeHHI, MO OTHOMICHHIO K OOOHM HCMbITaHHbIM (akTOpaM COBMasalorT. 
' B craquu ryceHHIbl 4yBCTBHTeJIbHOCTb K OGOHM UCMbITaHHbIM (akTOpaM 
TIOHMKaeTCA 10 Mepe HX pa3BHTHA HM JocTHraeT MHHHMyMa B IV—’V Bospacte. 
Ojnako Takoe yBejH¥YeHHe yCTOHYHBOCTH MpOHCXOJHT HepaBHOMepHO, PpHT+ 
MHUHO TIpepbIBanch JIHHbKaMH, BO Bp€MA KOTOPBIX, KaK TpaBHJIO, YYBCTBH* 
TCJIBHOCTh B Havasie KaoKJOH JIMHbKH BbIe, 4eM pH ee OKOHYAaHHH. McKvtoues 
HHeM ABJIAIOTCA ryceHuub I Bo3pacta, y KOTOpbIX pH WHHbKe Ha II Bospacrt, 
B Hayae nepHosa «cHa», OTMeyaeTCA BO3pacTaHHe YCTOMYHBOCTH, a B. KOHIe 
ero, HaOOOpoT, pe3Koe ee nayeHHe. OOpaliaeT TakxKe Ha CeOA BHHMAHHE 3HAaUHt 
TeJbHOe OOlee NOBBILeHHe TYBCTBHTEJIbHOCTH TyCeHHI, K ape HW K CHHHJIbHOM 
kKucuote Bo I] sospacte. JluTepaTypHble cBezeHuA He MaloT OObACHEHHA STUM 
@akTaM, HM MOsTOMy BOMpoc TpeOyeT JabHewiMXx Oowee riy6okux HCCeLOBa- 
HHH. : 


} VMucrutyt mopdonornu Tlocrynuso 

_ um. A. H. Cepepuosa 20 IX 1960 

; AxajemuH wayk CCCP 

. . 
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Bull., 106, 2, 210 (1954). ®& R. William, C. Williamzs,. Biol. Bull., 114, Nel, 


me (195s Vi. B. Kowxanunkos, JAH, 19, N 9, 759 (1938). 7H. B. Ko- 
aH4UHKOB, Sool. mypH., 18, 86 (1939). ST. K. Weatbnaemosa, VW3p. AH 
CCP, cep. 6uon., Ne 4, 381 (1946). °° H. A. Ky3Heu0s, Ocnospl pusHouorHH HaceKO- 
merx, M39. AH CCCP, 1953. 1° A. H.Casouosa, Yu. 3am. Xapbkosck. yHuB., 68, 
483 (1956), 41. B. Metrposa, DKypH. o6m. O6non., 20, Ne 6, 483 (1960). 


2 W.Tower Biol. Bull., 10, 176 (1906). 1S ACTA, Manos, Aris 25. Na 3 
(1960). 47.1. Beasesa, JAH, 135, N 2 (1960). 
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MHKPOBHOJOLH A 


B. K. EPOLMIHH u usen-Koppecnonyent AH CCCP H. A. KPACHJIBHHKOB 


CEJIEKTHBHOE MHKPOBHOJIOFHUECKOE OKHCJIEHHE 
11-OKCHIPYM Mb! FHAPOKOPTH3OHA 


B cBxa3H C BaKHOCTbIO MHUKPOOMONOrHYeCKOrO MpOH3BOACTBa CTePpOHHbIX 
jleKapCTBCHHBIX MpellapaTOB 3a MOCeHHe TORI BO MHOTMX CTpaHaxX MpOBoO- 
ATCA WIMpOKHe HCCeTOBAaHHA MO IpeBpallleHHIO CTePOMHbIX COeAHHEHHH C 
TIOMOULbIO MAKpoopraHu3mos. B copeTcKOM muTepaType 0630p m0 STOMY BOTI- 
pocy omy6a“kKoBaH HexaBHo Baliuukospim, BapmMenkosbim “ Epommupim (’). 
..« Muxkpo6vosoruuecKkoe okucsienue 11 8-oKcurpynnbl cTepouqHOH MOseKYyJnI, 
MpHBossailee K OOpas0Banuio 11-KeTOHa, HaOwoqanocb Melicrpom, ®uulepom 
u BerrtuiteiiHom (2) IpH cbepMeHTHPOBaHHH KOPTHKOcTepona KyIbTypou Tricho- 
thecium roseum u IUIupacaxoi, Taxacaxu wu Ilypytou (3) npw okucneHHu 
9TOrO 2Ke cTepousza c momoujp10 Absidia regnieri. Kyabtypol noceqHero MUK- 
PpOOpraHH3Ma AMOHCKMe HCCeOBaTeM MbITaMMCb OKHCJIMTb THAPOKOPTH30H, 
HO HM He yjlaslocb NOJY4HTb mpH 9TOM 11-KeTocoequHeHHA. 

Manu c coTpyqHuKaMu (*), H3y4aBLUINi O6pa30BaHHe FHAPpOKOpTH30Ha TIpu 
okucyieHuu BeulecTBa S PexuiTeiHa c momomtbo Cunninghamella blakeslee- 
ana, OOHapyXHJ, ITO B JONOIHEHHE K rHAPOKOPTH30Hy OOpasOBbIBaJICA TakxKe 
WM KOPTH30H. OjHaKO MIpOeMOHCTPHpOBaTb MMKPOOMOMOrMYeCKOe MpeBpalile- 
HHe FHAPOKOPTH30Ha B KOPTH30H He yJjaocb (°). [lostomy Obl0 BbICKa3aHO 
mpelmooxKenne, 4To 11-keTorpynna BBOAHTCA B BellecTBO S 6e3 OOpas0BaHHa 
THAPOKOpTH30Ha B KauyeCcTBe MpoMexKYTOYHOrO MpOkyKTa HIM OKHCJICHHIO 
momBepraeTcA wacTb KOMMJIe€Kca FHAPOKOPTH30H — cepMeHT elle oO o6pa3o- 
BaHHA CBOOO,HOrO ruzpoKopTu3sona (°%). 

B HacTOAleH 3aMeTKe MbI MOMbITAeMCA COOOWIHTb O MpeBpalleHHH ruspo- 
KOPTH30HA B KOpPTH30H C ToMOuibIO Cunninghamella elegans. DepmenTupoBa- 
Hue BellecTBa S, m0Oe3HO MpesocTaBsieHHoro Ham I’. K. CkpsOuHbIM, KysIbTy- 
pol 9Toro rpHOa MpHBOAHT K OOpa30BaHHIO CMeCH CTepoHvfoB, B KOTOpOM 
COMepKaTCA THAPOKOPTH3OH, IMMTHAPOKOPTH30H MH KOpTH30H. MuTepecuo oTMe- 
THTb, 4TO HaM He yflalocb OKHC/IHTb 11 a-oKxcurpynny y 2smMrayqpoKOpTu3oHa. 
Ham He yJaslocb Tak2Ke IpeBpaTHTb MpeAHH30N0H B Jpyrve coequHeHHA c 
MOMOU{bIO STOro OpraHusoa. Ec 11d PepMeHTHPOBaHHA BHOCHAM alleTaT ruypo- 
KOpTH30HA, TO 0 JaHHbIM xpoMaTorpaduu Ha Oymare BHAaYae OOpasOBbIBaJIcA 
CBOOOAHbIM YTHApOKOPTH30H, a MOABJeHHE KOPTH30Ha HaGvlO,aloch mocse 
Toro, KaK BeCb alleTaT rHApOKOpTH30HAa Obl THAPOMH30BaH. 


H,OH te ee ie 20H me 
Co (ere) CO co 
--OH HO: SSOla HO --OH HO --OH 
i) O 
BeujecTBo S IPH POKOpTH30H SNUrHLApOKOpTH30H KOPTH30H T1p€HH3010H 


IKCHEPUMECHTAILHaAa Tact. 


PepmMenuTupoBanne. Ilutarenbuaa cpeqa, coxepKamaq Bl gq 
10 r raoKosbt, 5 r KyKypy3Horo aKcTpakta, 5 r nentona u 5 r NaCl, pasaupa- 
Jacb 10 50 MJ B SpeHMeliepoBcKHe KONObI, O6bemMoM B 750 mu. Iloce apToxsa- 
968 ; 


BHPOBaHHA KONObI 3aceBasH cnopamu Cunninghamella elegans, kybTypy ko- 
TOpOH MoMepxKuBaIH Ha cycwo-arape. J]ia 3aceBa 10 KonO ucnOb30BaNu 
CHOPbI, MOJIYYeHHbIe C [BYX KOCAUKOB. SaceAHHbIe KOJObI OCTaBIAH mpu 27° 
B TepMOocTaTHOH KOMHaTe. Uepe3 3 cyTOK Ha MOBePXHOCTH MUTATeJIbHBIX cpel 
BbIPAacTasia NOTHAA MwieHKa rpHOa. PKUAKOCTb H3-NOX MICHKH CJIMBAaJI, MIeH- 
Ky JBaKIbI MpOMbIBaJIH BOJOH H Moce 9TOTO B Kaxkylylo KoOy NpHJIMBaIH 
cycneH3u1I0 2 r Mesa B 50 Ma Bogs u 10 mr ruqpokopTu30Ha, CyCcleH3HPOBaH- 
‘Horo B 2 MJ BOgbI. SaTeM KOJIObI YKPeMIANH Ha KayaikKe H depMeCHTHPOBaHHe 
TpoBpogqusH 2 cyTOK mpH 27° M HeMpepbIBHOM TepeMelIMBaHUH Cpe. 

BumweneHoHue H HACHTHPUKANUA KopTtu30Ha. IIo 
OKOH¥AHHH Mpollecca PepMeHTALMOHHY!O MKHAKOCTS OTMeNANH SbHJIbTpOBaHHeM, 
MHIleIMaJIbHY!O MACCY IIPOMBIBaJIH BOJOH HW OTOPacbIBaJIH, a MPOMBIBHbIe BOLI 
TIpHCOeMHHAJIH K OCHOBHOMY (HIbTpaTy. MusLTpaT TpwKLI IKCTParHpoBalU 
500 Ma nopyuamu XOpopopMa, OObeCAMHEHHEIi SKCTPaKT IMpOMbIBaJH 2% 
-pactsopom NaHCO, u pogoli. 3atem SKCTpakT BBICYWIMBaIH Hal Oe3BOLHbIM 
‘Na2SO,  pacTBOpuTeb oTroHAH B Bakyyme. Tlonyyenubiii ocTaToK nepe- 
-KPHCTAJIJIM30BbIBaJIH 3 XOpodopma, moce vero Touyuasocb 43 mr HeH3Me- 
-HeEHHOFO PHApOKOpTH30Ha. 

Xpomatorpapua Ha Oymare noKka3biBpala HalHyHe B MaTOUHOM pacTBOpe 
BelljeCTBa, MATHO KOTOPOrO HMeJIO MOABHXKHOCTb, OMHHAKOBYy!IO C KOPTH3OHOM 
Kak B CucTemMax Tuna Byuia, Tak u B CucTemax Tuna J>Kaddapoun. IIpu o6pa- 
OoTke S3TOrO NATHA HOJHBIM peaKTHBOM, MOlyyaocb, KaK H NpH oOpadoTKe 
HATHA KOPTH30Ha Ha Oymare, CHHee OKpallMBaHHe, a Mp OOpadoTKe ile04- 
HbIM paCTBOPpOM XJOpHcTorO TpHdeHHiTeTpas0IHA — KpacHoe OKpalllHBaHHe. 
IlatHo 9Toro BellecTBa ObIIO CMBITO C XpOMaTOrpaMMbI, HaHeCeHO Ha Jpyryto 
Moocy 6yMaru WIA XpomMatTorpaduH u CMOyeHO alleTHIMpyrouleli cMecbIO (2 4a- 
CTH NupHyuHa MH 1 YacTb yKcycHoro aHrugpusa). Ilocue storo xpomaTorpamMMy 
NOMeWLaIM MeXKLy ABYMA CTeKJaMH HM OCTaBsANH Ha2uaca Mp KOMHATHOM TeM- 
Mepatype. Satem OymMary MpocyuiMBaM, OMpbICKHBaIH CMeCbIO MeTaHOJI — 
dopmamuy (3:1) Mw mpoBoqumH xpomaTorpadupoBaHHe c HCMOb30BaHHeM 
OeH3O1a B KayeCTBe NOZBHKHOH cbasbl. I]aTHO nosyyeHHOrO B pesyuJibTaTe alle- 
-THJIMpOBaHHA CTepowya umeno Rj = 0,5, kak M y alleTaTa KOpTH30HA€. 
_ Matounpili pacrsop xpomatorpapupopamM Ha moocax OymMarH B CHCTeMe 
Tuna Byuia. 3onbi BelllecTBa, pacnoularaBliveca Ha ypOBHe KOpTH30Ha, OTMe- 
Yas MO MOPIOULEHHIO yJIbTpapuo.eTOBOrO CBeTA, BbIPe3aIH H CTePOHA CMbIBAJIH 
‘MeTaHOvioM. PacTBopuTetb OTrOHAIM B BaKyyMe, OCTAaTOK MepeKPHCTaJWJIH- 
“SOBbIBaJIH H3 3TAHOa, NPOMbIBaIH SdupoM, MpHyem nosyuaocb 11,8 mr KpH- 
CTaJIOB C TemMepaTypon nuaBseHHa 211—213°. CmemiaHHaa mpo6a c H3BeCcT- 
HbIM OOpasIlOM KOPTH30HaA CHWKEHHA TeMMepaTypbl MaBeHua He ala. Mn- 
pakpacuble CNeKTPbI NOrMOWeHHA NOMyYeHHOrO H H3BeCTHOrO KOPTH3OHA 
ObIJIH OJ[MHAKOBBIMH. 
ABTopbl BbIpaxKaloT OlarogapHocts fO. H. leiinKepy 3a mpousBogcTBO Hs3- 
‘MepeHuit MHdpakpacHbIxX cneKTpos B JlaGopaTopuu dbusnueckoli xumun Bee- 
‘COmOSHOrTO Hay4HO-HCCJeOBaTebCKOTO XUMHKO-apMalleBTHYeCKOrO MHCTH- 


TyTa uM. C. OpmxonnKkugse. 
TlocrynH10 
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_ tA.T. Batiunxos, A.C. Bapmenxkos, B.K. Epomun, Men. mpom. 
CCCP, Ne 6, 15 (1959). re Meystre, E. Vischer, A. Wettstein, Helv. 
chim. Acta, 37, 1548 (1954). 3 M. pastes waka R. Fakasakig Me sw a tia, 
Bare 186, N 4722, 390 (1960). 4 K. ann, F. Hanson et al., Appl. Microbiol., 

eealemeett900).. «° S. Eppstein Sy area et al., Vitamines and Hormones, 
& oe a SE. Vischer, A. Wettstein, Advances in enzymol., 20, 


? 


969 


Se oe dl 


Jloxnnagn AkawemMun Hayk cccPe 
1961. Tom 137, Ne 4 


BHO®H3HKA 


Uneu-Koppecnonyent AH CCCP A. M. KY3HH u JI. M. KPIOKOBA 


MYTALEHHOE JEHCTBHE METABOJINTOB, OBPASYIOL[AXCS | 
B OBJIYYUEHHOM PACTEHHH 


Tlospienwe XpOMOCOMHEIX abeppallHit (MOCTHI, (PparMeHTEI, PaspbIBbI) Mocwe 
OO Y4eHHA HOHM3pyrolleH palualnel OOLIMHO TpakTyeTCH, Kak pe3yJIbTaT HeMO- 
CpeCTBeHHOrO Momak_anua POTOHA HIM KOpIycKysbl B xpomocompl (+, *). On- 
HaKO pA UCceqOBaHHii, MOKa3aBIIMX OOpas0BaHve MYTaUMH y MHKpOOpraHnus- 
MOB IPH MOMeIGHHH UX Ha IpesBapHTeJIbHO OOvlyyeHHy1ocpeny ((°, *) HAp.), 
yKa3blIBaeT Ha BO3MOX%KHOCTb Helipimoro MyTareHHoro jlelicTBua. TlonbiTKu 
HeEKOTOPbIX aBTOpoB (°) cBecTH Becb ac:peKT K OOpasyrollehcaA NepeKHCH BOJO- 
poa He JatoT OObACHEHHA HEOOXOJMMOCTH MPHCyTCTBHA AMMHOKHCJIOT B OGJY- 
qaemou cpese. 

H. II. [y6unun (°) yKa3piBaeT Ha HeMpAMOe JecTBHe payMaluv Ha XpoMo- 
COMBI, UMeA B BHULY TlaBHbIM OOpa30M JleHCTBHE KOPOTKOMKUBYMMX PaUKaJoB: 
OH, HOs u op. 

Mexiy Tem, HaMM Opl0 OGHapyxeHO (7-°), TO MpH OOy4eHHH pacTeHuu 
B JIMCTbAX MPOHCXOAAT 3HAYHMTeJIbHbIe CUBHTM MeTaOoOsM4eCKHX MpOLeccos, 
B pe3yJIbTaTe KOTOPbIX OOpasyioTcCA BellecTBAa, OOMaatollHe OTYCTHBLIM aHTH- 
MHTOTHYeCKHM JlelicTBHeM. Hamu Onl0 nOKa3aHo (1°) B3aHmMopelicTBHe STHX 
«aHTHMUTOTHKOB» c JLHK sgep u BbICKa3aHO TpesMONMOKeHve, YTO 3aepKKAa 
MHTO30B, TipekpaljeHve JeJIeHHA KJICTOK B OOJTYYCHHOM paCTeHHH ABJIAeCTCA 
CJI€CTBHEM BOSJeHCTBUA ITHX BeUILECTB. 

EcrecTBeHHO BO3HHKaJI BONpOC, OKa3bIBalOT JIM OOpasylollveca B pacTeHHH 
IPH pawWallu BeuLeCTBa TOJIbKO 3aepKKY JeIeHHA WIM OHM OO/aqaroT u MyTa- 
reHHBIM JeicTBHeM. Pa3pemieHuio STOrO BOTIpoca H OblJIO NOCBAINeHO HacTOAmMee 
HiccJIeOBaHHe. 

Kak uw panee (8, °), mbt paOotamu c 12—14-qHeBHEIMM pacTeHusamu Vicia 
faba. Pactenua oOmyuaucb peHTTeHOBCKUMH JIly¥aMH Ha alnapate PYM-3; 
paccToauue 21 cm; HanpsxKeHue Ha TpyOKe 165 KB; BemH4MHAa TOKa 15 ma; MOLI- 
HocTb Jo3pt 440 r/MuH; O6syaeHue 57 mMuH. Ges cbusbTpa. 

Mis o61y4eHHbix HW HeOGJYYeHHBIX JIMCTbeB FOTOBHJIMCb 9KCTpaKTbI 10 paHee 
ONMcaHHOu meTogquKe (°). Ha nowy4eHHble 9KCTpaKTb! MOMellamHcb 3—4-nHeB- 
Hble Kopemku Vicia faba Ha 24 yaca. KonTposem culyKUJIM KOpelikKH, OMyuleH- 
HbIe B BOY. Kopemiku (UKCHPOBaJIHCb B STHJIOBOM CHMpTe C yKCYCHOM KUC- 
notou (3:1), Kpacumucb alleTOKapMUHOM M 43 HUX IIpHTOTOBAANMCbh BpeMeH- 
HbIe lpenmaparet. 

Ha mpenapatax mpoBogusica mofcuer anabas u Temoda3, XpOMOCOMHBIX 
adeppauul (MocTbI) H MuKposgep. (Puc. 1, cm. BKeliky K cTp. 885.) 

Monysenubie pesybTaTe cBeseHbt B Tab. 1. Kak npumep oTKm0HeHHi 07 
HOPMbI IIPHBeeHbI HeCKOJIbKO MMKpOPOTOrpapwy MHTO3OB OMbITHOH CepHuv 
M3 nowyyeHHbix JaHHbIxX BUAHO, YTO B KOPeUIKaX, OMYUCHHbIX B IKCTPAaKTBI Ui 
HeOOJYYeHHbIX JIMCTbeB, He HaOsOMaeTCA Kakoro-mu60 CTaTHCTHYeCKH JOCTO: 
BePHOrO OTKJIOHCHHA OT KOHTPOUIA. 

Oguako B KOpellikax, HaXxOMAMMXCA Ha SKCTPakTaX M3 OOYYeCHHBIX JIM 
CTbeB, HMeCCTCA CTATHCTHYeCKH JOCTOBepHOe MOBbIIIeHHe XPOMOCOMHBIX aOep 
Patt“ (B OCHOBHOM MocToB) u yBeMueHHe YHCa MUKpossep. 
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Talownunr a. 4 


3 | Uncao 
ome) a | MHKpo- Uucno XPOMOCOMHBIX MepecTpoek 
Bi |S |_ sep 
YcnoBua Le 
Fes gs & |e 5 TpowewT K UHCTy aHa- { 
séeies| &|S8| eet Ge a ee 
| Koutponb (Boja) {4 |4268} 29}2,1| 4 | 0,09--0,04 0,3+0,16 
+ QKeTpakT v3 Heoo- R=1,1 IR = GLAM) 
JIYUeCHHbIX pacTe- 
Hu 31 |3128} 43)1,4] 6 | 0,19+-0,07 0,2+0,1 
_ SKcrpaxt U3 06- | a ea ; | fae 
JIYYCHHEIX pacte- 
nui 39 |4455| 308| 7,8] 47 | 1,050,415 1,3+0,3 


\ 
' Takum o6pas3om, B HacTosmmel paGoTe moKa3aHo, YTO B OO/IYYeHHBIX JMCTbAX 
_oOpasyloTca yCTOMYMBEIe BelllecTBa, OOslaqaioulwe MYyTareHHbIM lelicTBHeM, 
| MH 4TO XpOMOCoMHBIe aOeppallMH MOryT BO3HHKATb, Kak CyIeACTBHe HapywieHHA 
_ mpomeccos OOMeHa MO] BAMAHMeM payMalluu, Oe3 MpamMoro nonasanua cboToua 
B XPOMOCOMBI. 

ABTOpbI IpHHOCAT CBOIO HCKPeHHIOIO OwarofapHocTb B. B. XBocToBoi 3a 

_MOCTOAHHYIO KOHCYJIbTallMI0 IIpH OleHKe XpOMOCOMHEIX aGepparluit. 


Uucrutyr O6vomormueckoit cbusuKu Tloctynuso 
Akajemuuw Hayk CCCP 19 XII 1960 


HMTMPOBAHHAA JIMTEPATYPA 
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BHOXHMH# 


B. HW. BOPOBbEB 


O HEKOTOPbIX HOBbIX ACHEKTAX MEXAHOXHMHYUECKHX 
ABJIEHWH 


(TTpedcmaéieno akademuxom B. A. Dxeeaveapdmom 26 XII 1960) 


MexaHOXuMHA Hauala CBOe pa3BHTHe KaK HOBaH OOAaACTb UCCeOBaHusF 
M10 CyulecTBy C ONYOJHKOBaHHEIX OKOIO 20 eT Ha3aq paOoT Durebrapsta w 
Jlto6umoson (1) c MHO3HHOBbIMH HHTAMH. Y2Ke M032%Ke B NPMHUNNe ONMCAaHHOe 
SHTeIbrapATOM ABJICHHE ObIIO TULATeJIbHO HCCeEOBaHO Ha Oosee MpPOCTHIX CH- 
cTeMax — reJiaX CHHTe€THYeCCKHX MOJIMMepOB — NOJHIJICKTpOJHTOB. Takue 
CHCTeMbI, CMOCOGHbIe K IIpeBpall|eHHIO XHMHYeCKOH 39HEPrHH HeMocpesCTBeHHO 
B MeXaHHyecKkylo paOoTy, NMOJYYHIH Ha3BaHHe Me€XaHOXHMHYeCKUX CHCTeM. 
BcecTOopoHHee 9KCII€pHMeHTaJIbHOe H3yYeHHeE MeXAaHOXHMUYeECKHX ABJICHHH Ha 
CHHTeETHYCCKHX MOJIMIICKTPOJHTAaX ObIIO MpoBeweHoO wikONamMu KyHa wu Kauasp- 
cxoro (7°). MM npHHaqiexKuT TakxKe 3aCJlyra CO3aHHuA TeEOPHU 3THX ABJICHHH. 
UepTbl CXOJCTBa B MOBeECHHH CHHTeTHYCCKHX MOJIMSJICKTPOJIMTOB H MBIILLILbI 
IPHBJeKIH BCeOOuee BHHMAaHHe HM, TaKHM O6pa30M, HJe€H Me€XaHOXHMHH BHOBB. 
BepHYJIHCb B OMOJIOrHIO Ha OCHOBe MIpeAcTaBJeHHH COBpeMeHHOH du3sHy4ecKonK 
XHMHH. 

MexaHoxumMnyecKHe CHCTeMBI JOJKHbI YOBJIETBOPATb NO KpaliHeH Mepe JByM 
ycIOBMAM. Bo-nepBbIX, OHH JOJKHbI ObITb CIMOCOOHBI OCYIIECTBIATb OOPaTHMbIe 
medopmMauuu. Bo-BTopbix, Ta HIM WHat XHMMYeCKaA peaKIUMA, MpONCXOLAMaA 
Ha IIOBEPXHOCTH COCTABJIAIOUIHX CHCTeEMY MAKPOMOJIeKYyJI, OJOKHa H3MCHATB 
(pOopMy S9THX MaKPOMOVJIEKYJI HJIM CIOCOOGHOCTh BCeH CHCTeMbI B IeJIOM K HaOy- 
XaHHt0. 

IIpakTuyecku 1100ah NIpOTAKeHHAaA CeTb, COCTOAMLAaH H3 AMHHbIX rHOKUX 
MAaKPOMOJICKYJI IIPOABIAeT CNOCOOHOCTS K OOubUIMM OOpaTHMbIM JepopMalliam.. 
QTO OTHOCHTCA TakxKe H K OeJIKOBbIM CHcTemaM. Ta HH WHAaA CTelMeHb 91acTHG- 
HOCTH IIpHCylla (HOpHIApHbIM OesKaM — KaK KOJWareHy, Tak H OeuIKam 
KepaTHHO-MHO3HHOBOH Tpynnbl. OHaKO OOJIbIIIHHCTBO OeJIKOB HW HanOoJIee 
MHTepecHble JIA Hac OeJIKH MpOTOMMAa3MbI OTHOCATCH K POOYJIAPHbIM GOesKam. 
Mx mMakpomoviekyula Goulee HJIM MeHee CHMMeTPH4HA HM He OOIaaeT JocTaTOUHOL 
ruOkKocTbW. IlostTomy camu mo ce6e HaTHBHbIe rio6ymApHble OeKH He MOryT 
OOpa3s0BaTb MIpOTAKeHHYIO CeTb, CHOCOOHYIO K OOpaTHMbIM JledopmMallusaM. 

Panee HaMH ObIIO NOKa3aHO, YTO PNOOyAPHbIe OeIKH, BCTYMaA BO B3aHMO- 
WevcTBHe C JIMHeHHbIMM OvOnOmHMepamu Tuna JIHK u PHK, o6pasyioT kom- 
IWI€KCbI, KOTOPble OO/laaloT BCCEMH CBOMCTBAMH JJIMHHbIX THOKHX MaKPpOMoue- 
Ky. Hutu, nOvJlyYeHHbIe H3 STHX KOMIVICKCOB, CNOCOOHHI K 3HaUHTeIbHbIM 06- 
paTuMbim epopmauusam (* 8). Oxa3aocb, 4TO 3THM HHTAM IIpucymla Takxe 
Me€XaHOXHMHY4eCKad PeaKTHBHOCTb. 

J[evicTBHTeJIbHO, H3MCHEHHeE HOHHOM CHIBI CpeAbI, B KOTOPylo nomena 
HUTH, BbI3bIBAIO UX OOPaTuMylo Jecdopmatuio. HanGoulee adtbeKTHO MexaHOXH- 
MHYeCKaA P€aKTHBHOCTb HHTeH MpOABJAeTCA MpH u3sMeHeHHH pH cpeyp. Kak 
BHJ\HO H3 puc. 1, ymenbuteHue pH BeyeT K yKOpoueHHIO HUTH HyKsJeompoTensa, 
yBeiuyeHHe pH, Haodopot,— xk ee yauMunenui0. Tlomo6Ho rem CHHTeETHUCCKHX 
MOJMSJIEKTPOJHTOB (*) HAT HOM Harpy3KOH MOXKET OCYUIECTBIATh WHKIMYeCKHA 
SH 


ipowecc cokpailenve — yiMHeHHe NpH mMepHosuyeckoM H3MeHeHHH pH, co- 
Bepllad Mp sToM paboty (puc. 2). 

Bo3MOxKHO Tak?Ke OCYIIeCTBHTb M€XaHOXHMHUECKHH WHK Apyroro Tuma. 
JloO6apiad B cpeny MoHbI Ca?* unu Mg**, yaeTcA BbISBaTb COKpallleHne HUTEH, 
CMCHAIOULCeCA YJIHHEHHeEM BCE 3a WOOaBJIeHHeM ITHJeCHAHaMHHOTeTpaueTata 
(QJITA), cBaspiBaromlero IByXBasIeHTHIe HO- ‘ 
ub. [I]pomecc nopTopseTcA MHOroKpaTHO Cc Hh 
coBepilieHHem paOoTpl. «PabouHM BelllecTBOM» 

B 9TOM WHKJIe ABJIAIOTCA HE HOHbI BOLOposa, | 5) 
a nou! Ca** umn Mg?*, uTo oco6eHHO HHTe- 
pecHO B CBA3H C TOM OrpOMHOH, oka ele B 
3HAYHTeEbHOK CTeMeHH HEACHOH pOJIbIO, KO- -§ 
TOPyl0 HrpaloT 9TH MOHHI B IHKJIe MbIIMeyHOrO 
COKpallleHHA, a TaKXKe B MCXAHHYECKOM ILHK- 
JI€, OCYUIECTBJIAIONLEMCA B TIpollecce eneHuA 2761 
kuleTKH (°). Hutu HyKeonpoTeHloB, BO3MOxK- 
HO, MOIIM Obl CJIyKHTb MOJEJIbIO AIA H3y- 
4YeHHA HMCHHO MocJIeqHero mporecca. Puen. /Sashevimoer,) mehoomanas 

Takum o6pa30M, HHTH HYKJIeONpOTeHyoB  untH HyKaeoructoHa or pH cpeapi 
ABIAIOTCA THMMYHbIMH MeXaHOXHMHYeECKHMH 
CHCTEMAMH, OCYIeCTBAAIOUIMMH MPAMOH Mepexoy xumuMyecKOH SHEPrHu B Me- 
XaHMYeCKyl0 paOoTy B H30TEPMHYECKOM WHKwe. 

Kak H3BeCTHO, MCXAHOXHMHYCCKHE CHCTemMEI, B OTIIMUNeE OT TelVIOBOrO JIBU- 
raTeJiA, COBepulaloT WHKJI HE 3a CUeCT Mepenoca Tema, a 3a CueT mlepeHoca 
BeUleCCTBA MeK]Y Pa3sJIMUHbIMH XH- 
MHyeCKHMH NOTeHWMaamu. B wHkse 
IIPOHCXOJUT OOMEH BeLIleCTBOM Me@xK- 


eS 
as @ 
| 


LOL 


JHCL 


JHCL 


t Ay cucTemou u cpenon. 
IIpopeqenupmt Kauyambckum B ero 
S CTaTbe, MOCBALIeCHHOH TeOpHH - MOJIH- 
¥ QJIEKTpOMHTOB (%), TepMoqMHamuye- 
= CKHH aHasIW#3 MexaHOXHMHMYeCKOrO 
S WUKJIa, OCYLIECTBJIA€MOrO HEKOTOPbIM 
UeaJIM3HPOBaHHbIM TeJIeM  TOJIH- 
15 3IEKTPOJMTAa, COCTOAMerO 3 JIe- 


tNaH *KallHX CTporo MapasetbHO NOJ- 
5. 10 20 30. Mun. HOCTbIO OPHCHTHPOBaHHbIX MaKpoO- 
MOJI€KYJI, IIPHBOJMT K BBIBOLY, TO 
Puc. 2. Uuknuueckas peopmaiaa HATH HYK- MeXaHOXHMMYeCKHe CHCTeMEI Ci0cOO- 
HJeOTHCTOHA TIpH i eaamee H3MeCHeEHHH HbI He TOJIbKO jedopMupoBaTeca 3a 
en cueT XHMHYCCKHX H3MeCHeHHH, HO Hi 
JOJDKHbI COBeplaTb OOpaTHBIM mpo- 

lecc TIpeBpallleHuA MeXaHH¥eCKOH SHEPrHH B XHMHUECCKYIO. 

B caMom jlesie, NyCTb MbI HM€€M OTPe30K CHCTeMBI, CocTOsINelH H3 rHOKUX 
WeMHbIX MAaKpOMOsIeKYsI C (HKCHPOBaHHbIMH Ha HHX AHHOHHBIMH pylliaMu 
A (puc. 3). Ip qo6aBseHHH KHCJIOTHI, BCJIeECTBHe yMCHbINeHHA CTemeHH JIMC- 
counaunu rpynm A, GyyeT MpoHcxOHTb coKpallleHHe, cucTema NepelyeT u3. 
coctosHua I B coctosHue II uw QHHa paccMaTpHBaeMOro OTPe3Ka H3MCHHTCA OT 
1, no lz. Ecnm mbl Tenepb pacTaHemM cucTemy JO nepBOHauaIbHOH AMHDI J, 
3aTpaTUB Ha 3TO paooTy, TO OHa MepelifzeT BHeKOTOpOe cocTosHHe III, anano- 
ruuHoe I. BenemcTBHe yYMeHbIICHHA MJIOTHOCTH MOJI€KYJAPHOFO NOAH OTpUlla- 
TEJIbHBIX 3apAMOB CTeMeHb HOHH3A\MH AHMOHHBIX Fpyl pH 3TOM yBeHUNTCA 
M HOHbI BOJOpOa BbIMAYT B Cpesly. 
| Takum o6pasom, MbI HMeeM 3feCb npowecc, OOpaTHbIt TOMY, KOTOpbIM pac- 
CMaTpHBaJICA B MepBOH YacTH paOoTbI: MexXaHHyecKanH paOoTa NpeBpalilaetcA 
B XMMMYeCKYIO SHEPrHio. ; 

OKCMepHMeHTaIbHOe HCcCeOBaHHe, NpOBeeHHOe Ha HHTAX HYKseOMpoTen- 
[ 973, 


os, OOHApyxXHJIO, 4TO JecsopMallu HUTeH CONpoBoxAaeTcA OMpeseseHHbIMU 
XMMMYCCKUMH CIBHraMu B Cpese, KOTOpBle LOcTaTOYHO 3aMeTHEI HW MOryT OBITb 
3aperucTpMpoBaHbl. 

Ecam K MpHroToBJIeHHbIM CielMaJIbHbIM OOpasoM JOCTaTOUHO MpOUHbIM HH- 
TAM HYKsIeONpoTewfa, CMepBa HeCKOMbKO COKPpalleHHbIM MOOaBJeHHeM KHC- 
JIOTLI, A 3aT€EM CHJIbHO paCTAHHYTbIM 
of ff aa Me@XaHHUeCKH, WOOAaBJIATb WeNOUb, C 

AH e TeM UTOObI BEPHYTbCA K HCXOJHOMY 

A i pH, To oOwapyxuBaeTcs, 4TO AIA 
HelTpalHu3aluu WOOaBJIeEHHOM KUCJIO- 
; A 4 é An Tbl CHCTeMaTH4eCKH TpeOyeTcA OOJIb- 

mee KOJIMYeCTBO UlesIOUH, eM TO, 

KOTOPOe O*KHaNOcb, HCXOAA U3 KO- 

mmyecTBa paHee jOOaBsIAeMOM KUC- 

L JOThI. OTH OMbITh! MOPIH CJIYXKUTb 

WA ompeeJieHHbIM YyKa3aHHeM, 4TO B 

epee cosflaeTcad HeKOTOpbHI U3ObI- 

Puce. 3. Cxema npeppamleHHii B MexaHoxumuye- TOK HOHOB BOOpO]a, ABJIAIOWLHUCA 

CKOM IMKJle JIA CHCTEMBI, COCTOAIMel H3 MONH- CyIeCTBHeM pacTAKeHHA HATH. OgHa- 

cide KO 6e3 cnellvasbHOrO aHasiH3a Tpy- 

HO ObIIO Obl OTBEPrHyTb BO3parKe- 

Hue, TO HadsOMaeMble UW3MeCHEHHA AKTHBHOCTH HOHOB BOOposa BO3HH- 

KaloT B pe3y/IbTaTe yBeJIMYCHHA HOHHOM CHJIbI Cpe, Mp peakWMH HeTpasH- 
3allH. 

[lostomy Hamu ObIJIM ChellMasbHO MOCTABJICHbI ONbITH! 10 MpAMOMYy OTIpeze- 
JeHwio pH B cpefze mpuH pzedopmaunu HuTeH. JlebopMalua HUuTeH Mpou3sBOLH- 
ach B cocyfle, cosepKallleM OY€Hb MaJIO€ KOJIMYCCTBO KUIKOCTH, COHM3MePH- 
Moe C OObEMOM, 3€HHMaeMbIM CaMOH HUTbIO. OKa- 


3a1I0Cb, 4TO IIpH pacTAKeHHH HUTeH MOXKHO 3ape- ‘ 
THCTpHpOBaTb 3aKOHOMepHoe yMeHbIIeHHe 3Haye- 400 
Hud pH wa 0,06—0,1. Il[pH stom na6mojaemplii 
cur pH 3aBpucen oTcTeneHu jecbopmaunu (puc. 4). 300 
Ho HanOoylee IpHMeuaTeIbHLIM ABJIACTCA TOT cpakT, 
YTO MpOlecc OKa3bIBaeTCA OOpaTHMbIM: CHATHe Ha- t 200 


IIpsXKCHHA IPHBOANT MO Mepe pewaKcalluH K BOC- 
CTaHOBJICHHIO HCXOAHOK BeIMUnHE! pH. 

B peqBapHTesbHbIX OMbITAX OblIO OOHapyxe- 100 
HO, 4TO B TeX CJly¥aAtX, KOra COKpallleHuve HUTeli 
BBISbIBaeTCA JOOaBIeHHeM B Cpey MOHOB Ca** usH 
Mg**, pacTaxxeHHe HuTeH COMpoBoxaeTcH yBeuu- 4? 
4eHHeM KOHICHTpalWuH 9THX HOHOB B cpere. 

Takum 06pa3oM, OMbITbl Ha HHTAX HyKJIeompo- Puc. 4. Usmenenue pH cpeapi 

TeHOB MOKasaJIM, ¥TO Ne:opMalluA MexaHOxUMuye- pe AMR 
CKOH CHCTeMbl COMpoBowKAaeTcA onpeleseHHbIM HY KseorHcToua 
3aKOHOMePHBIM CBHrOM KOHILCHTpalldH HOHOB, KO- 
TOPble C/ly2xKUJIM PpaOOuHM BeleCTBOM B MeXaHH4ecKkoM Wukse. OueBuHo, 9Té 
CTOpOHa MeXaHOXHMHYeCCKHX SABJICHHH MOMKeT MMeTb ruly6oKHH OnOu0- 
rHyecKHH CMbIca. B caMOM flee, CCIM HHYUMpOBaHHad TeM HJIM MHBbIM My- 
TeM JletbOpMalMs CHCTeMbI (HaMpvMmep, MbILIMbI) yxe cama m0 ceOe CoO: 
MpOBO*KaeTCA H3MCHCHHAMM XMMHMUYECKOFO COCTAaBAa Cpebl, TO 9TH H3MCHCHHA, 
JOCTHTHYB OMpeseseHHOrO ypOBHA, MOryT B CBOIO OYepedb OKAa3bIBaTb BJIMAHHE 
Ha COCTOAHHe CaMOH JepopMupylouleHcaA CHCTeMbI WJIM Me€XaHH3Ma, BBISbIBAIO: 
uero epopmatuio. CieqopatebHO, MeXaHOXHMMYeCKHe CHCTeMbI MO CaMok 
CBOeCH IIpHpOwe MOryT OOecHeYHTb BO3MOXHOCTh ayTOPeryJAMMH COMpPAKeHHI 
c AepopMatMelt mporeccos no NpHHuuny O6paTHow cBASH. 

He WcKsl04ueHa BO3MOXKHOCTb, YTO HCCeJOBAaHHA B STOM HalpaBseHHM Kak 
Ha MOMCIAX, TaK H Ha OMOMOTHYeCKHX CHCTeMaX MOLYT OTKPbITb HOBbIe MYT! 
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K MIOHMMAHMIO ayTOpery/IAIMH HEKOTOPEIX (pH3MOJIOrHYeCKUX MpOleccoB Ha 
MOJIEKYJIAPHOM YPOBHe. ; 
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Jloxnayn Axawqemun nayr CCCP 
1961. Tom 137, Ni 4 


BHOXHMHA 
E. H. MYXHH uw E. Pr. CAJIBKOBA 


O BHOCHHTE3E XJIOPO®HJIJIA B 3ATIACAFOLUMAX OPFAHAX 
PACTEHHH B CBA3M C JEACTBHEM HOHM3HPYIOWEN PAXHALHMK 


(ITpedcinaeaeno akademuxom A. H. Onapuxeim 22 XI 1960) 


B autTepatype HakamuMBaeTcs Bce OOuIbINe AHHbIX O CBA3H OKHCJIMTCJIbHbIX 
mpoweccoB c OMOCHHTe30M xsopodusna (1-°). OfHako xapakTep oOTMeueHHOH 
3aBHCHMOCTH BbIACHe€H HeOCTAaTOUHO. 

Mbt w3yyaH HakoMIeHHe XJOpopusa B KIYOHAX KapTodesA B CBA3H C 
WeHicTBHeM MpOHHKaloulero u38yueHHA. KsyOHuH KapTodea B KayecTBe OObEKTA 
UCCIEOBaHHA TpeACTaBJIAIOT HHTepec B CBA3H C HX CMOCOOHOCTHIO 3eJICHETE. 
IPH OCBeWeHHH, a TaKXKe Pa3BHBaeMbIMH MpeycTaBseHuamu (°, ®) o pom nog- 
3@MHBIX OpraHOB pacTeHHH B OMOCHHTe3e 3e/IeHbIX MMIMeHTOB. B pe3yibTaTe 
BO3JCHCTBHA HOHHSHPyIOlleH payualuH mpowecc oOpa30BaHHA xXnopodusna 
y KapTodesa nogaBasetca (7°). 

B Hallux OnbiTax KJTYOHH KapTodesa copTos Jlopx, IIpuexyapckui wv Snpow 
o6uydann Ha ycTaHoBKe SIO-2 mp momtHocTH josh 450 r/mun (Co®°). 

OmpeyesieHHe MHrMe€HTOB H aKTHBHOCTH (bepMeHTOB MIpOBOAWIH B MOBepx- 
HOCTHOM CJl0e MOcIe yaJieHHA KOKYPbI. 

Kak 10Ka3aJ1M NpOBeLeHHbIe HAOMOACHUA, NO Mepe BEIepKUBAHHA Ha CBeTy 
KOHTPOJIbHBIX KJIYOHeEH B TepHdbepHHHbIX COAX KOPOBOH NapeHXMMBI Mpouc- 
XOJMT HaKOMJeHHe xXJOpousa H KapTomemb mpHobpetaeT 3eleHytoO OKpacky. 
B TO ke BpeMA yKa3aHHble Mpouecch! B KWyOHAX copta Jlopx, nosBeprHyTbIx 
JeHCTBMIO Y-palMalluvH, B 3HaYHTebHOH Mepe NofgaBasaloTca. Hapyurenue 06- 
pasOBaHHA XJOpOuIa, OCOOeHHO XWOpodusa a, HMerIOUee MecTO moCIe 06- 
ayagenua mpu 10 000 r, c yBennueHnem Jo3bI ycumuBaeTca (puc. 1). 

VMutepecuo OTMeTHTb, 4TO ecm 03a 10 000 r B ksty6HAx copta JIopx BBISBI- 
Bala JIMIUIb OCaOJIEHHe CHHTe3a 3e/IEHbIX MHTMeCHTOB, TO y OOy4eHHOrTO MmpH 
TOH »%e Jose KapTodena IIpuekybcKui H ONpoH mpakTHyecKkH He OOpa3sOBBI- 
BaJICA HH XJIOPOPH a, HH XNOpodusn 6 (Tabu. 1). 


tari se ae 


Bananve HOHM3upyiomeh paquauHH Ha HaKOlleHHe XNopodusna B KVOHAX KapTodens 
(B MHJIurpamMax Ha 40 Yr cpIporo Beca) 


Uncao KouTpoab 10 000 r 
Copt wHel 
Ha CBeTy Xa. a | xa. 6 cyMMa Xu. a | xu. 6 cyMMa 
ee | ee 


Iipvexyapexuii 25 0,000 ,020 9a 0),000 0,000 0,000 


0 0 

050 0,000 0,050 0,000 0,000 0,000 
120 0,000 0,12 0,010 0,000 0,010 
0 0 
0 0 
1 0 


Smpou 


O* 0 
al 0 
8 0 
0* 0,025 0,030 ,055 0,000 0,000 0,000 
4 0,080 0,055 135 0,000 0,000 0,000 
8 0,454 0,088 239 0,000 0,000 0,000 


* Hcxoqunle Januble. 
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Hapsgy c onpeyenenvem xopodussia Oblm0 MpocuexeHO 3a H3MeCHEHHeM aK- 
THBHOCTH pa OKHCJIMTeJIbHO-BOCCTAHOBHTEJIbHbIX (e€PMeCHTOB B KJIYOHAX C 
HOPM@JIbHBIM (KOHTPOJIbHbIC) H HapyUIeHHbIM (OO.lyueHHbIe) OO6pas0BaHHeM 
TIHTMeHTOB. 

B uncie Apyrux OblvIM H3y4eHbI MepOKcHa3a, WHTOXpOMOKCHa3a H KaTa- 
J1a3a, OTHOCHuHecaA K Fe-npoOH3BO,HbIM mOppupHHOB. ITH depMeHTHI mpes- 


09 
08 
Q7 
06 
- Q5 | 
w 
04 
083 
02 
gir 2 
: . 6 10 iS 200k 
400 480 560 640 220mm Hayano 
A= ocbeu, 
Puc. 1. Cnextp norsomexnua xJopopun- Puc. 2. Bauanne cpeta Ha dbepmentuyio 
a 43 Ky6HeH KapTodpeisa, OOMyUeHHBIX AKTHBHOCTb B KJIYOHAX KapToders .q — 
PasHbIMH JosamH Y-paquauMu, uepes 15 OKCHa3a PIHKOeBOH KHCHOTE, 6 — 
Heli BbIep2xKHBaHHA Ha CBeTy. /—KOH- qeruypasei.!—3 — TO Ke, 4TO Ha pic. 


Tpolb, 2 — 10 000 r, 3 —150 000 r 


CTABJIAIOT HHTepeC B TOM OTHOMICHHH, 4TO Ha MepBbIX 9TAMaX CHHTeE3a MPOXOLAT 
Te xe (pa3bl, uTO H Mg-nmpousBogHble NOppupHHOB, K KOTOPbIM OTHOCHTCH XJIO- 
popuia. Hue mpHBowATcn WaHHble, OTHOCAMIMecA K CopTty Jlopx. 

CormacHO MpHBeeHHbIM B Ta. 2 pesyIbTaTaM, Y-JIyYH HECKOJIbKO MOBBI- 
WaloT AKTHBHOCTb NepOKCHAasbl H WHTOXpoMOKcHa3Hl. Tloq BsuaHHem ocBe- 
UleHHA Ha3BaHHble (epMeHTbI B KapTOdee TakxKe 3aMe€THO AKTHBUPyIoTCA. 
IIpu 9TOM aKTHBHOCTb MepOKCHa3bl B KOHTPOJIbHBIX KJIYOHAX BO3pacTaeT B 
3HAYHTeIbHO OOsbUIeH CTeMeHH MO CpaBHeHHIO c OOsyYeHHbIMH. B OTHOLIeCHHH 
KaTala3bl OMpesevleHHbIX H3MeCHeHHH KaK MPH BO3eHCTBHH HOHHSHpylollero 
M31y4eHHA, Tak HM NpH AeHcTBHM CBeTa He yCTaHOBJeHO. 
 BecbmMa akTHBHad B TKAHAX KapTopesA nowMdeHoOKcHAa3sa, ABIAIOULaAcA 
Cu-cogepxalluM cbepMeHTOM, He OOHapy?KHBaeT H3MeHCHHH NOX BJIMAHHeEM 
y-ayuet. To xe CuleqyeT CKa3aTb HU O JecTBHH OcBelleHHA (cM. TaGu. 2). 

IIpH u3yyenuH POpMMpOBaHHA MHIMeHTHOTO alnapata 3eeHbIX pacTeHHit 
B mocwieqHee BpeMA Oo/IbUIOe BHHMAHHE yJeIAeTCH OKCHa3e PIHKOJIeEBOH KHC- 
OTH. Kak BHAHO M3 MOJYYeHHbIX HAMM JaHHbIx (puc. 2 a), Mp IKCMOHMPOBa- 
HUM KyOHeH Ha CBeTY AKTHBHOCTb (bepMeHTAa HEMpepbIBHO BOSpacTaeT. OHAakO 
STOT MpOllecc ueT OMMHAKOBO KaK B KJIYOHAX C BbICOKHM COJepKaHHeM XJIOPO- 
(bua (KOHTPOMbHbIe), TAK H B MOUTH HE 3eeHeIOWUX (OOMyYeHHEIe pH ose 

50 000 r). IIpupegenuie pesybTaTbI NO3BOAIOT JyMaTb, 4TO OKCHa3a TWIH- 
OIeBOH KUCJIOTbI MOET AKTHBHPOBAaTbCA Mp OCBeLeHHH pacTeHHii He3aBu- 
‘camo OT HaJIM4HA B HHUX XOpOusia. 

Uro Kacaetcs cbepMeHToB JerufspasHoro KommuleKca (puc. 2 6), TO cmenyer 
OTMeCTHTb Pa3JIMYHbIii XapaKkTep BO3JeliCTBUA BOJIH MpOHMKalouleli paqualun 
M BuAuMoOro cBeTa. Ec.iM B MepBOM cyly¥ae, KaK MpaBulO, HaGmO,aeTCA aKTH- 
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TaOauna 2 


M3meHenne akTuBHoctu Fe-cofepsKalnx cdbepMeHToB H NomMdbeHoNOKcHasbl 
B KJIyOHAX KapTodemA Mp ocBelleHHu (B OTHOCHTeEAbHBIX eC MHUWAaX) 


OKCNO3SHUAA Ha CBeTYy 
Ilepemx axcno- | _ 


Bapwantpl 


FR 1 eHub | 6 2H 10 aH. 15 WH. | 20 aH. 
Ilepokcufa3a 
KouTpoub el) 362 1 Pe 5, Nh 7) WG) Aes 
40 000 r 3,6 4,0 Al 8,9 | 9,4 8,9 
150 000 r 3,8 HA Onna Tes 7,6 10,0 
WuTroxpomokcuga3sa 
KouTpouIb AFRO) 4,4 6,0 — 6,0 yas 
40 000 r 4,0 Ae 8,0 == 6,0 8,9 
150 000 r Tha) 10 GAY — 7,0 850: 
KatTaaa3a 
KouTpoub Bol) — — pe AA Zo 
10 000 r Bina) — — 3,0 ay) Tee: 
150 000 r 2,9 — — 2,8 3,6 ane 
Ilonumenonokcufszasa 

KoutTpomb 10,0 39) 8,0 8,9 114 Anes 
10 000 r 10,0 8,0 | Mies) 10,0 | 10,0 8,0 
150 000 r 10,0 10,0 ae 8,3 10,0 40,0 


1 


BallMA, TO BO BTOPOM, HaOGopoT, NOCTeMeHHOe CHMKeHHE AKTHBHOCTH, YTO MO- 
2%KeT ObITh CBAZAHO C HAKOMJIeCHHeEM IPH OCBeLCHHM BellleCTB — HHTHOMTOPOB 
leruypas. CneqyeT OTMeTHTb, YTO B OOJYYCHHBIX KJyOHAX YPOBeHb Jerufpas3- 
HOM AKTHBHOCTH Ha CBeTY COXpaHsAeTcCaA 
6oee BLICOKMM M0 CpaBHeHHIO C KOHTPO- 
Tletictpue Y-H3JyueHhA Ha AKTHBHOCTb JIeM. 

RAM EAs Cxojuble pe3ybTaTH MOsyueHEI TaK- 
2%Ke IPH H3yYYeHHU 9THX PEPpMEHTOB y KOH- 


Talo a eae 


YObIIb TIOKOSHI, % K HC- 


i XORH. Comep2. TPOJIbHBIX H OOJYYCHHIX KyOHEH COpTOB 
Saute Iipuexypckul Hu Onpou. 
KOHTPOJIb 10 000r 
Takum o6pa30M, NOX BJIMAHHeM Y-H3- 
{ 14.5 0 JIYYeHHA, B Cy4ae ONpesesieHHA B TOMO- 
? o 
2 25,3 10,5 reHaTaxX TKaHelH, AKTHBHOCTb OKHCJIMTeJIb- 
3 22,0 0,5 HO-BOCCTAHOBHTeEJIbHEIX (PePMEHTOB He CHH- 
: 17,0 3,7 *KaeTcsd. ITO OGCTOATEMbCTBO TO3BOMHIIO 


OKUAaTb CXOJHOTO pearvpOBaHHA OKHC- 
JIMTCIbHDIX (CPMCHTOB KOHTPOsbHOrO M OGsyYeHHOrO KapTodea Ha  jeit- 
cTBve cBeTa. IlomyuenHble pesybTaTbI NOATBEpAUH OGOCHOBaHHOCTA m006- 
HOrO JOMyleHus. 

Tak Kak ypOBeHb OKHCJIMTeAHLIX peBpallenuli B OOYYeEHHOM KapTodene 
OKa3bIBaeTCA OJIM3KHM K KOHTPOJIO, a CHHTE3 3eJICHbIX IMTMeCHTOB OCaGmAeTCA 
NOC€ BOSIeHCTBUA Y-pasMallMH, TO BOSHHKaeT pesmonowKeHve O Hapylwienun 
SHEPreTHYecKOrO GOaylaHca TKaHel BCsIeACTBUe pasOONIeHHA OKHCJIMTeEbHEIX 
Mpoleccos wu cpocopuaupowanusa. JleiicrauTenbHO, U3 pesyJIbTAaTOB cmelMasb- 
HOMO OMbiTa, IPUBeeHHBIX B TaGJI. 3, MOXKHO 3aKJIOUNTh, YTO OOyueHHe MOfaB- 
JHeT Mpowece NepBUYHOTO *ocopHHpOBaHUA yrviesoq0B, O 4YeM CBHJeTeIb- 
CTBY€T CHHAXCHHE AKTHBHOCTH TeKCOKHHAa3bI B KsyOHAX. OnpesemeHve aKkTHB- 


HOCTH pemc MNPOBOLMIH MO MeToOLy, ONMcaHHOMy B padoTe KorTejbHU- 
KOBOH (7°), . 


VisnoxenHble JaHHbIe yKa3bIBalOT Ha BayKHOCTb COrlacOBaHHOTO MpoTeKa- 
MA MpOWeccoB OKMCJIeEHHA HM PocopHJIMpOBaHHA JIA OMOCHHTesa xNOpoduua. 


Muctutyt 6voxumun um. A. H. Baxa Tlocrynuno 
Axkajemun Hayk CCCP 18 XI 1960 
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Jloxnann Anagqemun nayr CCCP 
1961, Tom 137, Ne 4 


BHOXHMHA 


O. H. CABEJIBEBA wu b. A. PYBUH 


K BHOXMMKHN TPHBA PHYTOPHTHORA INFESTANS 
(II pedcmaeaeno axademuxom A. H. Onapuxroim 19 VIII 1960) 


OHM 43 pa3qesOB paOoTH, MPOBOAMMOH B Halle saOopaTopuu B OOMacTH 
OMOXHMHM MMMYHHTeTa paCTeHHii, ABJIAeTCA M3y4eHHe MpHpOAbl TOKCHHOB, 
CHHTe3MpYyeMbIX (HTOMATOreHHbIMA MHKpOOpraHu3MamMH. 

Jia BbieeHHA TOKCHYeCKOrO Hadana TpuOa Phytophthora infestans amu 
Obl HCMOb30BaH MeTOX Byaseua ('), mpeqioxKeHHbIM HM JIA BbieeHHA aH- 
TUreHa U3 MAKPOOPraHH3MOB, MaTOreHHbIX JJIA YeOBeKa MH KHBOTHBIX. 

Muuesni rpu6a Phytophthora infestans BpipaujMBasicd HaMH B NpoOupKax 
Ha TBepJOH OBCAHO-arapoBol cpeve B TeyeHHe 3 Hedeb. CHATHIN C MHTATebHOH 
CpeAbl MULUeHH OO€3BOKUBAICA C MOMOLLbIO JMOMHIbHOM CYWIKH HW COXpaHAJICA 
B 9KCHKaTOpe Ha CepHol KUCIOTOH Mmpu 3°. CyxoH MuleMH SKCTparMpoBadH 
0,5 N TpuxsopykcycHoH KuCJIOTOH mp 3° B TeyeHve 3 4ac. Np HempepEIBHOM 
MOMeIUMBaHHH. SGaTeM MaCCy MHILeJIHA OTCACbIBaJIM Ha BOpOHKe Bbioxuepa, Ho- 
BTOPHO 9KCTparHpoBaJN TpuXJOpyKcyc- 
HOH KHMCJIOTOH B TeyeHHe 2 uac. OObelH- 

Puypomus «TOKCHHa» HeHHbI€ SKCTPaKTbl AWa/H30BaIH CHa- 

Ha erO KOMIIOHCHTHI (BHIXOa B MpolweHtax yqana IIpOTHB BOAOMpOBOAHOH BOJbI 
OT lOJHOTO TOKCHHAa) 

24 uaca, 3aTeM MpOTHB AMCTHJIJIApOBaH- 


Taonauna 1 


Hol 24 uaca mpu 3°. J[Manu3aT cryuta- 

Rompoueut : 2 | 3 |Cpea¥. 1H OX BaKYYMOM MIpH 30° H ocaxKAasH 3- 

~ KP aTHbIM OObeMOM 9TAHOVIa. OcasoK, WA 

Bemkospiit 1,0; 1,14) 1,0) 41,0 KoToporo MbI ycJIOBHO NpHMeHseM Tep- 

ee 2,8) 1,0 | 0,6) 1,4 uu «roKCHH», WeHTpuyrupoBasn, npo- 
Tlonucaxapug | 82,0/88,2 |73,5) 81,2 : ‘ 

Toaucaxapuy II 2141 4.2157; 3.4  MbIBaJIM CIMpTOM, SPupoM H BBICYLIH- 


BaJIH NO, BakKyyMOM. Bbixoj| <TOKCHHa» 
OObIMHO CocTaBas 5% oT Beca MuuemuA. TlomyseHHbIt «TOKCHH» Obl paculen- 
JieH 0 MeTody TospapHuukoro — Jly6posckon (1, 7) mo caeqyrouleh cxeme: 
«TOKCHH» MOABeprasicAd pa3eJIeHHIO HA OTJe/IbHbIe KOMMOHEHTHI (OeIKOBbIC 
BellleCTBa, MOJIMCaXapHAbl HW JIMMOMAbI) MyTeM MATKOFO FHApou3a B TeyeHHe 
7 uac. c 0,1 N yxcycuot xucsoTo. CooTHotllenve OTAeIbHbIX KOMMOHEHTOB B 
«TOKCHHE» H€CKOJIbKO BapbUpOBaiO B 3aBHCHMOCTH OT yCJIOBHH BbIpallMuBaHHA 
rpu6a (B 4aCTHOCTH OT TeMMepaTypbl) HM BO3pacTa MUMeMA, HO B WesOM CocTaB 
efO OCTABAaJICA MOBOJIbHO NOCTOAHHBIM, UTO BUAHO U3 Tabu. 1. | 

OcHoBHylo Maccy «TOKCHHa» CocTaBuIA MomMcaxapug I, Ha Jomo KOTOporo 
TIpHXOAuNOCch cBbILe 81% OT MOMHOTO «TOKCHHAa». 

Hsyuenne npHpogbl yrmeBoqHOW 4YaCTH «TOKCHHAa» MIpPOBOAMOCb C MOMOLIbIO 
auleKTpotbopesa. YcOBHA SNeKTpotopesa Obl CeAyloulMe: cua ToKa 8a, 
HalpsKenne 300 B, MpodomKuTebHOCTh 24 yaca, 6ydep BepoHatoBblit pH 8,6. 

Ha meppsix stanax paOoTsl AA aeKTpoopeTHuecKoro pa3e/IeHHA MbI 
MPHMeHSAIH OObIMHO HCHOMb3yeMble KOHWeHTpalun (0,5 mrB0,02 Ma Bobi) mo- 
jucaxapufa I, B stux ycnoBHAX HaM yAaBaNOCb pasleMUTb NOCeLHH TOKO 
Ha Ba KOMMOHeHTA. B culeqyloulel CepHM ONbITOB MbIl YBEMYMH KOHWeHTp auto 
novucaxapuya I wv fopenu ee Jo 2 mr B 0,02 Ma Boal. B sTHX ycnOBHAX TOMAMO 
KoMNOHeHTOB A u B Gplut OOHapy2KeH u TpeTu — KoMnoHeHT C. Kommonent A 
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oCTaBaJICA Ha CTapTe, KOMMOHeEHT B HaxoAHJICA Ha paccTOAHHH 1 cM OTCTapTa 
NO HalpaBJieHulo K KaTOJLy; KOMNOHeHT C — Ha paccTosHHH | cM No HallpaBJIeHHIO 
kK aHoty. Jlia Toro YTOOLI yCTaHOBHTb MeCTa PpaCIOJIO%KeHHA OTACIbHbIX KOM- 
HOHEHTOB HowHcaxapusa 1, of 9eKTpocboperpaMM oTpe3aJIUCb y3KHe MOOCKH, 
KOTOpble MpOABAAMHCL cbyKCHHCepHoH KHCJoTOH (*). OcTaBuiMeca HemposBseH- 
HbIMM HOJIOCKH JeKTpocsoperpaMM pa3pe3aJiH Ha y4ACTKH, COOTBETCTBYIONLHe 
kommoHeHTaM A, B u C u 9uOHpOBaH ropsueH BOON. 

Jia XapakTepHCTHKH Ka¥eCTBeHHOrO cocTaBa Wesloro MowHcaxapuyza | 
1 efO KOMMOHEHTOB, NocsleqHMe OblIM NOABeprHyTbi 7-YacoBOoMy THApOM3y 
> 1 N HCl wa xunsamei Bozsnoii Gane. Puazponusatsl ynapuBasucb 20 noHOro 
yiatenua HCl. Cyxue octaTkv rufpou3aToB pacTBopsuuch B 80% sTaHoue 
H lOMBepraluch XpoMaTorpaHyeckoMy pa3eJIeHHIO C MOMOM{bIO HACXOAALULel 
xpoMaTorpaduu Ha Oymare. B KauyecTBe paCTBOpHTeJIA yNOTpeOAacb CMeCb 
[laptpuyxKa. PacTBopHteyib MpomycKaicaA Yepes XpOMAaTOrpaMMbI CeMb pa3. 
X poMaTorpamMMb! MposBJIAIUCch NposBHTesem Dedonder u annsMHrHApoprasa- 
rom. Ilposputenb Dedonder He Jam OkpalIMBaHHA, YTO CBUJETeIbCTBOBAJIO 06 
STCYTCTBHH B COCTaBe KOMMOHeEHTOB NOJHCaxapuya (pyKTO3HoB. 

IIpH mposBneHun aHMIMHTHApotraiaToM B rHApomM3aTe nomMCcaxapufa 
Obl o6HapyxKeupi (cM. Tab. 2) MakTo3a, We06H03a, raaKTosa -+ ry0Ko3a, 


Ta6Oauna 2 
YraepoqublH cocTtaB momucaxapyia I uw ero KOMMOHEHTOB 


: Komuo- : Kommo- 
i. S HeHTbI 8 HEHTbI 
Yruesozp eS 5 Yruesoypi eS l= 
oo | A PEO Cela! BS 
Ex Ex 
— = ¥ rere | 
Hen zentudunupopannoe Tanakto3a ae 
"1SITHO + |—|—}]—]| Imoxosa | a te 
Hen qenTupunynpopannHoe Manuo3a + j+)+)— 
IISITHO + |—|—{—|, Apa6uno3a — j—|—|— 
PacbcbuHosa — |{—|]—|—|| ®pyxtosa — |—}—)|— 
Jlaxtosa + {+ |= 1+ | Kenanosa jo +- }+]+]}-- 
[le1106u03a + |—|+)+]) Hengentrupuunpopannoe | 
MaubTo3a — |—]—|— NATHO + |—};|—}— 
TanakTypOHoOBas K-Ta — {—|—|—|]| Paxnosa — j;—|—]— 
Caxapo3a — |—}]—|—|]|| Hengentrudunnpopannoe 
| | TSiPHO + j;—|—|— 


MaHHO3a HM KCHJIO3a. Kpome Toro, He HACHTH@UIUMpPOBAaHbI YeTbIpe MATHA: [Ba 
H3 HUX HAaXOAMJIMCb BbIllle NOMOAKeHuA patbPuHO3bl, OHO NATHO MeXxKAy M0.10- 
7KEHHAMM KCHJIO3bI H PAMHO3bI HM OHO MATHO HY2Ke MOJORKeHHA PpaMHoOsEl. B or- 
vue OT NomMcaxXapHsa B rus~posmM3aTe KomnoHeHTa A, KpoMe HeueHTHUUH- 
ae caxapoB, OTCyTCTByeT lWesmodu03a. Tu~pommsaT komnonenTa B 
10 HJeHTHPHUMpOBaHHbIM CaxXapaM OT THApoOM3aTa MoMCaxapufa He OTVIM- 
wanca. B rufpousate KOMMOHeHTAa C NO CpaBHeHHIO C THApO.IH3aTOM MOJIMCa- 
Xapujja OTCyTCTByeT MaHHo3a. JlaibHeliiee H3y4YeHHe MpOAyKTOB rHApoHsa 
novMcaxapHAHOK Ppakwuu npolowKaerca, 

CiieXyIOlluM 3TaNOM paOoTbI ABHJIOCb UCMbITaHHe TOKCHYeCKOrO eHCTBHA 
BbIeJICHHBIX HAMM pa3JIMYHbIX CoequHeHHH. TecT-oObeKTOM CJlyXKHJIM JIMCTbA 
Kaptodessa. IlocnelHne cpe3aiMcb Mo, BOJOH HM NOrpyKaJiMcb YepellikaMH B 
MpOOUpKH, Cosep2xKaBulwe BOAHbIe PaCTBOPbI HCIIbITYeMbIX COeAHHEHHM; KOHTPO- 
eM CJlyKNa BOLONpoOBOAHAaA BOMa. 

_ Tpexge scero Oplia HCHbITaHa TOKCHYHOCTh MoIHOrO TOKCHHa. Muorounc- 

N€HHbIC OMbITH MOKa3a/IH, YTO MOJHbI TOKCHH COBeplIeHHO JIMINeH (usHoJIO- 

PMYeCKOM AKTHBHOCTH H He OKAa3bIBasI Ha JIMCTbA KapTodesa TOKcHYeCKOrO 
eHCTBHA. 

( _ B gauipueiiuiem ucnpiranwio Ha TOKCHYHOCTh MO-Bepravch mMomMcaxapujnan 
pakluaA HW ee KOMMOHeHTE!. [Ip 3ToM Oblia OONaPyKeHa CJlelyiouland KapTHHa: 

yoke Yepes CYTKH JIMCTbA, NOPpyxKeHHble B PaCTBOP Hepa3seeHHOrO MoNHCaXa- 
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pHa, 3aBANH, TOra KaK KOHTPOJIbHbIe JIMCTbA MU JIMCTbH, NOPpy2KeHHble B pac- 
TBOpbI! KoMMOHeHTOB A, Bu C, coxpasamu HOpMasbHBl Typrop. Ha 2 cytky 
{puc. 1) aucTba, Norpy2KeHHble B pacTBOp KoMMoHeHTa A, COxpaHMBLEMe Typ- 
rop, CJlerKa MOKeJTeIH HW MOKPbWIMCb OTACbHbIMA HEKPOTHYeCKHMM NATHAMH. 
Tlo BHeuIHemy BHAy 2TH NATHA OWI BIOUHE HACHTHYHbI HEKPOTHYeCKHM MAT- 
HaM, BO3HHKAICWIMM Ha JIMCTbAX KapTodeia mpH mopaxkenun Phytophthora 


Puc. 1. Jluct KaptrodeiA Ha BTopoli WeHb mocae NOrpy2KeHHA B BOJHbIC PACTBOPbI: @ — KOMIO- 
Henta A, 6 — komnoventa B, 6 — kommonenta C, 2 — HepaajeseHHoro nouucaxapHya, 0 — 
nocle NOrpyKeHHA B BOXOMPOBOAHy1O BOY (KOHTpPO.b) 


infestans. Ha aucTbax, norpy2keHHEIX B pacTBop KoMNoHeHTa B, TaKxe Obi 
oOHapyxKeH HEKpO3, KOTOPHIli pacnpocTpaHsAsICA OT Kpaad JIMCTbeB K cepeqHHE 
HM 3aHHMaJl MpHOM3HTeNbHO 50% muioulagqM sucTbes. JlucTbs, norpy2keHHble 
B PpacTBOP KOMNOHeHTA C, Take COXpaHAJH TYprop, HO MOXKeJTeMH HECKOAbKC 
Coble, YEM JIMCTbA MepBbIX IByX BapHaHTOB, HM ObIu MIOKPLITbI HEKPOTHUe- 
CKHMH NIATHAMH. Ha yBANINHX JAHCTbAX, NOrpyKeHHbIX B PacTBOP NomUcaXa: 
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puja, TeMHbie HEKPOTHYeCKHe MATHA OOHAPYXHJIHCb TOJIbKO K KOHUYy 2 cy- 
TOK. KoHTpOJIbHble JIMCTbA Ha MPOTAKeHHH BCero OMbITA COXpaHAJH HOPMadJb- 
Hy!0 3eJleHy1O OKpacky H Typrop. 

Bplia TakoKe HCMbITaHa TOKCHYHOCTL XHKUAKON KYJIbTypaMbHOM CpesbI nocwe 
pocta duToptoppl. KysbtypabHad cpeqa Opasacb B pa3M4HOM pa3BeeHHu 
(HepasBeseHHad, pasOaBuieHHad B 2 pasa, BO HB 10 pas). B KayecTBe KOHTpOuA 
CJLYKUIM KyJIbTYpaJIbHad Cpea 6e3 noceBa PUTOPTOPH H BOLOMPOBOAHAA BOA. 
Uepes cyTku Oblia oOOHapyKena CJledyiwllad KapTHHa: JIMCTbaA, NOrpyxXenuple 
B KYJIbTypaJIbHY!0 Cpey, pasOaBJIeHHy!0 B 2 H BO pa3, 3aBAJIM, Hava CulerKa 
*KeJITeTh HW HA HX MOABHJINCh OTAe/bubIe HeKpoTHYecKHe HATHA. IIpu OovbuIem 
pasBeeHHA JIMCTbA YBAJIM HeCKOJIbKO MeHbilie, HO Tak?Ke HMeJIH OTJeJIbHbIe 
HekpoTHyeckHe MATHa. JIMCTbA Ha KOHTPOJIbHbIX paCTBOpaX COXpaHAJIM HOp- 
MaJIbHbIM 3eJIeHbIH WBeT H Typrop. Ilo ucTeyeHuu 2 cyTOK BCe JIMCTbA, Morpy- 
*KCHHBIE B KYJIbTYpaJIbHylO cpely (Moce pocta duTodproppil), MMelouLly!o pas3- 
JMYHY!O KOHILCHTpallHio, elle Ooubule NoKeNTeIK WH 3acoxsH. KoHTpouJbHble 
JIMCTbA OCTABAJIHCb 3eJICHbIMH H COXPaHAJIH TYprop. | 

Ilomyuenubie HaMH JaHHble He OCTABJIAIOT COMHEHHA B TOM, YTO TouHCaxXa- 
PHAHbIM KOMMOHeEHT «TOKCHHAa» OO1aaeT BbICOKOM (H3HOJIOrH4eCKOM aKTHB- 
HOCTbIO HM OKA3bIBaeT CHJIbHOe OTPaBJIAIOUee WeHCTBMe Ha KapTOeIbHOe pacTe- 
HHe. 

Bompoc 0 MeXaHH3Me JeHCTBHA OTeJIbHbIX KOMMOHeEHTOB NoHCaxapuya | 
TpeOyeT JlabHelulero H3y4eHHA, KOTOPOe B HACTOAIee BpeMA B JaOOpaTOpHH 
IIpOBOAMTCA. 

He Menee BaxKHbIM ABJIACTCA BOMpOC O PHSHOJOrHYeCKOH AKTHBHOCTH H TOK- 
CH4HOCTH ApyrHX KOMMOHeEHTOB «TOKCHHAa». B uaCcTHOCTH, OovIbUIOM HHTepec 
BLISbIBaeT C 9TOH TOUKH 3peHHA OeJIKOBbIN, a TaK2Ke JIMMOMAHbIM KOMIOHEHTHI. 

PaOoTa Bo BCeX Tepe4HCJIeHHBIX BbIIMe HallpaBJICHHAX HAMM B HAaCTOsIIIee 

BPeMA OCYILeCTBJIAeTCA. 


WuctutytT 6voxumuHnu um. A. H. Baxa Tlocrynu10 
AxkajlemHu Hayk CCCP 18 VII 1960 


UHTHPOBAHHAH JIHNTEPATYPA 
1B. WU. TopapHuuwKHit, DKypH. MHKpOOHON., asmvqemMHO. WH WMMYyHOU., No 2, 


a7 (1947), 7M.U. Wy6poscKkaa, Buoxumua, 16, 3. 1, 41 (1951), * E. JI. Po- 
3eHmeaAbA, Buoxumun, 23, wp. 6 (1958). 
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Jloxnage AxkagqeMunw Hayk GGGe 
1961, Tom 137, Ni 4 


IKOJIOTHA PACTEHHH 


B. E. PY JAKOB 


NPHPCOCT JEPEBbEB HW 3JIEMEHTbI KJIAMATA 
(IIpedcmaenexo axademuxom B, H. Cyxauesoim 18 XII 1960) 


B ycCMOBAAX pe3KO KOHTHHeHTAIbHOrO KAMMaTa HM 4YacTOrO HefocTaTKa 
Baru COCTOAHMe jlpeBecHolt pacTuTesbHocTH B BysysyKcKom Oopy (KyiOni- 
ileBcKkad H OpexnOyprekad oO/1acTH) CHJIbHO 3aBHCHT OT KJIMMaTHYeCKUX YCJIO- 
Bui (7, *). Hamm mpopesen OMbIT onpeyeseHHA KOJIMYeCTBEHHOH 3aBHCHMOCTH 
IpHpocta OT OTACbHbIX KJMMATHYeCKHX SJleMeHTOB. JIA STOO Obl MCMOub- 
30BaHbI Be COCHbI — OCHOBHOM 9K3eMIJIAp H KOHTPOJIbHBIM. IIpH oTOope 3sTHX 
3K3€MILIAPOB ObIJIO OCMOTPeHO Oosee CTa COCeH, CIMJICHHBIX BO. BpeMA BbIOOpOU- 
HOM pyOKH, NpoBosuBueica B 283 KBapTase CKoOeseBCKOrO JeCHH4eCTBA. 

Cocubl BbIOHpasIHCb C y¥eTOM Tpe6OBaHHH, NpeAbABJIAeCMBIX K JepeBbAM TIPH 
WicCeMOBaHHAX Takoro pola. OnM pocuiM Ha MpHMOAHATHIX MecTax, Ha Tlecua- 
HOH, XOPOWIO peHupoBaHHo nouwBe. HanOoubilad BbICOTa UM TOJMIMHA B CO- 

yeTaHHH C HaHOOJIbUIHM BO3pac- 


ra a TOM JepeBbeB B aHHOM HacarKle- 
ae HMM, TO3BOJIAeT CU4HTaTb, HTC 
Ro oTOOpaHHble HaMH JlepeBba MeHee 
alan Apyrux mosBepraiuch dakTopy 
B3aMMHOrO OTHOINeHHA epeBb- 
I 10} 80 ep (5). 
08} 78 OT KaxJOro JepeBa OblIM B35- 
06}-%6 Tbl paCIHJIbl Ha BbICOTe OKOJIC 
Ost 7% 0,5 mM oT moBepxXHocTH sem. ILu- 
dat 22 pHHa TOJMYHbIX KOJIelk H3Meps- 
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OL ea _. JlaCb MPH MOMOULH MUKpOcKoNé 
9002 4 6 81902 4 6 81902 4 6 oe ¢ ToUHOCTHIO 0 0,025 mn. 
Puc. 1. Xoq KoneOanuli cymmbl cpequeit mecsuHoii Bospact OHOH COCHEI No Nod. 
Temnepatypbl Bosryxa S¢ 3a BereraunonHpli me- CUCTY POAMIHbIX CJIOEB OKAa3aJICs 
PHO M MOJYJIbHBIX KOSPHUHEHTOB ToOxHYHOrO 161 rod, Apyrow — 121 roy. 
upHpocta M B BysyayKcKom Oopy Iloce u38MepeHHxA TOAMUHDIN 
KOJIel, MOCeqHHe OblIH OOpadota- 
Hbl 10 IpeJIo*KeHHOMy HaMH MeToyly (1). Tlomyuenubie nocse o6pa6oTKu Be. 
JIMSHHbI, HASBAHHbIC HAMM MOLYJIbHBIMM KOSPPHUMKeHTAMA TOAMYHOTO NpUpocta. 
ObIIH COMOCTABJIEHbI C BEJIMYHHAMH OCaJKOB HM TemMlepaTyp Bo3fyxa. Buauane 
MbI COMOCTABHJIM IIPHPOCTC OCakKaMU 3a PHApOMOrMYuecKHe FOAbI, MOCKOJIbKy ell 
A. TI. Tonpexum (4) 6bi0 ycTaHoBeHO, YTO IIpHpocT coceH B By3yJlyKCKon 
Oopy 3a paccMaTpHBaeMbIi TO B OCHOBHOM 3aBHCHT OT OCeHHe-3HMHUX OCAaKOI 
IpeMIMeCTBYy!OULero BereTaWHH Toda, T. €. KaK pa3 TOO NepHoa, KOTOPbIM B 3Ha 
HMTeJIbHOM CTeHeHH XapakTepusyeTcaA TH~pomormueckuit Tos. 

KosdbuuvenT KOppeAWHH MexKAY MOLYIbHLIMH KOSppuUKeHTaMHM Tro_H4 
HOrO MpHpocTa coceH MH FOAOBbIMA BeJIMYHHAaMH OCAKOB OKa3aJICA PaBHbIN 
r = 0,51 + 0,10. Kak sBuguo, ycranopmenuaa A. I]. Toapcxum KayectBennas 
CBASb Halla MOMTBEpKeHve B KOJIMYCCTBEHHOH CBA3H COMOCTABJICHHbIX ABJIE- 
HUE. 

SaTeM Mbl CONOCTaBHAM XOJ| MpHpocta c XOOM CyMM CpeqHHX MeCAUHBI 
TemilepaTyp BO3yXa 3a BereTallHOHHbIH MepHos, H60, Kak H3BeCTHO, OT TeM 
NepaTypbl Bo3yxXa 3aBMCHT HHTCHCHBHOCTb MpoTeKalollux B epeBbAX (bu3Ho: 
$84 


OrH4eCKHX MpoleccoB. ITo conocTaBieHHe jlaslo KooPuuNeHT KOppeaAWHH 
r = —0,41 + 0,09. 

OrTpullateJIbHbIM 3Hak KOIPPuUHeHTa KOPPeJIAWHH YKa3bIBaeT, YTO B 30HAX 
HeOCTATOUHOFO yBJlaxKHEHHA HMeeT MeCTO OOPaTHAA 3aBHCHMOCTb MexKy ro- 
IMYHBIM TIpHPOCTOM H CYMMOHM MOJIOMKUTeJIbHBIX CpeAHEMeCAYHBIX TemMepatyp 
BO3yXa, TaK KaK IIpeBbilleHHe STOH MocweqHeH ypOBHA TeMMepatyp, OMTH- 
MaJIbHOFO [JIA ACCHMHJIAUMM, AbIXAHHA M POCTa, OTPHUWATeIbHO BJIMAeT Ha Be- 
AM4HHY FOAMMHOrO MpHpocta. Xos 
KoIeOaHHH CyMM CpeHHX Mecsy- 
HbIX TeMMepaTyp BOSyxa 3a Be- 
reTaljMOHHbIt repo, (mal — 
CeHTAOPb) MH MOJYJIbHbIX KOSdMpH- 
WHeHTOB FOAWYHOTO IpupoctTa B 
By3yJlykKCKOM Oopy moKa3aH Ha 
puc. 

_ Mbi mpouspemn TaKxKe Como- 
eTABJIeHHe Xa MIKPOKO UsBeCT- — "TFTA te SIT SEB HO 
HOrO THpoTepMHYeckoro Koacp- 20061 
bunuenta T. T, Censnunopa (°) ‘ 

Puce. 2. Xoq Bemuynn cdbaxruueckux (1) H BEreHcueH- 


(BIMHCJI@HHOTO HAMM & LO ys site (2) MOZyIbHEIX KOsduNHeHTOB royxuuHOrO 
HbIM MeTeOPOJIOrHYeCKOH CTA4HUHH ppupocra no ocaqkaM 3a rug~poulornyueckHii -rog Hi 


B bBy3yslykckom Oopy) C XOJOM cymMam cpeguemecs4uHBIX TemMnepatyp BO3sqyxa 3a 

MOAYIbHBIX KOS*PPHUMeHTOB To- BereTalHOHHbIli mepHoy 

aMuHOrO mpupocta. IIpu 9Tom 

HouwyyeH Kos@puuneT Koppenauuu r = 0,324-0,10. Kak sBuguo, stot Kostp- 

PUMeHT He MMeeT NIpeMMyILeCTB MO CpaBHeHHI0 C HeMOCpeCTBeHHLIM ConocTaB- 

Ji@HHeM OCAAKOB H CYMM CpeHeMeCAUHBIX TeMMepaTyp BO3yxa C MpHpoctTom. 
IlpH nonmbitke ycTaHOBJIeHHA 3aBH- 


Teh Gog tu eael CHMOCTH IIpHpocTa oT OMHOBpeMeHHO- 
2 A YO BJIMAHHA OCaKOB H CYMMbI TeMIIe- 
npoen- yMMa E: 
ee Yneno| tax ot 06-| mpouentos TYP BO3AyXa oomMi Koappulvent 
weutTax ot A ‘ayn ies ete] AARONIERO KOPpeJIHWMH OKa3aJICA PaBHbIM R= 
M oulH60K omu6oK 
0,07; 
: Ypasuenu 
sis clans ¥ is His paBHeHHe perpeccuu osyyeno 
10,1—20,0 5 19 58 B BHIe 
laa 4 . tp 
_ 30,1—40, 6 23 96 ; 3) 
> 40,1—50,0 4 h 100 M = 0,14x — 1,84 Xt + 183,7, 


rae M — mofysbupit KosdpduuveHT rosMyunoro mpHpocta, x — ocalKH 3a 
TuAposoruyeckul roi, 2f— Temnepatypa Bo3fyXa 3a BereTaNHOHHBI me- 
pou. Cpequue KBapaTHuHble OTKJIOHCHHA COOTBETCTBYIOUINX PAOB: Oy = 
=37,5; o, = 108,5; os; =4,6. Cpequas ommm6ka ypaBHeHua perpeccuHS y = 
=—22,5. AmnmnutTyla KoeOaHHi BeJIHUHH’MOJYJIbHBIX KOSPPHUKEHTOB rOXHYH- 
Horo lpupocta Am = 135. 

B ta6n. 1 nu Ha puc. 2 npHBeseHo conocTaBJieHHe KOJIeOaHHi, BbIYHCJIeH- 
HbIX 10 YpaBHeHHi0 perpeCCHH MOAYJbHEIX KOSpPuUMeHTOB ToLW4HOrO MpH- 
pocta mo ocayKam 3a rMAposornyueckHh Tok W CyMMe CpeJHUX MeCAYHbIX TeMie- 
patyp Bo3qyxa 3a BereTallHOHHbI Mepwor, c PakTHYeCKMMH. 

_ BpicokKad CXOAMMOCTb [TOBOPHT O pelliaolleH 3aBHCHMOCTH MpHpocta 
[epeBbeB OT KJIMMATHUCCKHX 93JIEMEHTOB. 


Tocrynuvio 
16 XI 1960 


IMTMPOBAHHAH JINTEPATYPA 


LB: E. Pynaxos, Bor. xypu., 43, Ne 12 (1958), *® B. HW. Pytkoscekui, 
Coopy. Bysyrykcxuli Gop, 4, M., 1950. *F. T. CeaauuuHoOB, Tp. no cembcKoxos. 
eTeopouiorHH, B. 20 ies 4A. TL Tonpcexn ii, Tp. m0 JlecH. OMbITH. Jey B Poccun, 
: 47 (1913). ® A. B. Ttopun, Tp. no secu. onpitH. qeny B Poccun, B. 45 (1913). 
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@HTOM ATOJIOLH 7 


Unen-Koppecnonjeut B. JI. PbIKKOB u H. K. MAPYUEHKO 


OB OBPATHMOCTH HOAABJIEHHS PASMHO)KEHHA BUPYCA 
MO3AM4UHOM BOJIESHH TABAKA (BMT) B TABAUHbIX JIMNCTbSAX 


YxKe B CaMbIX TlepBbIX pa6oTax O BJIMAHHM Pa3JIMUHbIX BellleCTB Ha pa3MHO 
*KeHHe BUpyca MosaM4yHOl GomesHu TadaKa (BMT) Obio NoKasaHoO, 4TO Mpottecc 
HOWaBJICHHA STUMM BellleCTBAMH B pxe CuyyaeB MOMKeT ObITb OOpaTHM. Tax 
6bIIO Halifeno, uTo ecm NuctTbA Nicotiana glutinosa nocme cyTouHoro mpebnl 
BaHUA B paCTBOpe THAMHHA, MOJaBJIAIOULeM HEKpPOTHYeCKy!O peakuuio Ha BMT 
MepeHeCTH B BOY, TO Ha STHX JIMCTbAX Pa3BHBaeTCA HOPMAJIbHOe KOJIMYeCTBC 
HE€KPO30B; e€CJIH 2Ke STH JIMCTbA OCTABUTb B paCTBOpe THAMHHA B TeYeHHe BCer¢ 
ONbITa, TO BOSHUKaeT TOJIbKO He3HAYMTebHOe KONMYeCTBO HeKpo30B (7). Ilo 
oOuad Ke OOpaTUMOCTh MOfaBeHHA Obla OKa3aHa HM B OMNbITAX C AMCTbAMI 
Nicotiana tobacum, Hanpumep B OTHOWeHHM cTpenTounsa (7). M3 npuBoxuMpD 
HWKe JaHHbIX BUJHO, UTO OAHU BelllecTBa MOLaBIAIOT pasMHomKeHHe BMT Heod 
paTumMo, ApyrmMe — oOpaTHmo. 

Tutpst BMT sBpipaxkenbl B MpOWeHTaX OT YMCA HeKpO30B Ha JMCTbAX Ni 
cotiana glutinosa B KOHTpoe: THTp BAPyCoB B KaxKJOM OMNbITe ONpele ACA He 
20 muctrouxax N. glutinosa; mpuBeweHbl cpelHHe u3 2 u Oowee OMbITOB 


HenpepbiBpHaa SKcnO- Uepe3 cyTKu 
SHILA JIHCTbeEB B JMCTbA TlepeHe- 
pacTBope CeHbI B BOXY Ha 
(83—4 cyTOkK) 2—3 cyTOK 
3 49 


a-Hadrosykcycuaa Kucnota 0,1% 


2,4-I[uxmopdenokcnykcycuaa K-Ta 0,1% 40 36 
AckopOunopaa K-Ta 0,1% 62 65 
Hopsennun 0,1% 25 39 
Cepuu 0,01% 53 04 
[aukoxon 0,1% 44 49 
MetunacnaparuHosan K-Ta 0,1% 21 Sy 
AMHHOMeTHJcybPpoHoBan K-Ta 0,1 % 39 78 
Amunontepun 0,01% 66 68 
[motatuon 0,1% of 35) 
Bep6epux 0,0025% ot 95 
Kodenu 0,1% 58) 92 
Crpentounyz 0,01 M 64 116 


Heo6patTumoctb nojaBuJiaoulero adcpeKTa MOKeT ObITb BbISBaHa MOHHKEHHEM 
YYBCTBUTeJIbHOCTH K BUpyCy TKaHH paCTeHHA WIM Ke BUPOWAAHbIM JeHCTBHeEM 
BellleCTB, T. €. IPAMOH WHHAKTHBallMeH BUpyca; HAKOHEll, 3TO MOXKeT 3aBHCeTh 
OT TOrO, YTO HHTHOMTOP NoOaBsIAeT CaMble MepBble CTANMM Pa3MHOXKeHHA BUPyca, 
HaNpWMep BbIXOL HYKJICHHOBOH KHCJIOTbI 3 OeIKOBbIX O6OOueK BUpocMop. 
B Tex culydaax, KOra NosaBsieHve OOpaTHMO, UCKTOUaeTCA TIpaAMad HHAKTH- 
BauwA BUpyca, a TaK%Ke YMepUIBJeHHe PaCTHTeIbHOM TKAHH, MOSTOMY CJIY- 
yaw OOpaTHMOTO HOMaBJIeHHA TpeACTAaBJIAIOT OCOOLIN HHTepec AIA H3y4eHHA 
(PHSHOJOFHYeCKUX YCJIOBHH pasmMHoxeHHA BMT. O6patiaeT Ha ceOA BHUMAHHE 
TOT (akT, YTO OAHOCYTOUHOe MpeOLipanve 3apaxKeHHbIX BUPyCOM JIHCTbeB B 
paCTBOpaxX HeKOTOPbIX BellleCTB BOBCe He OTPaKaeTcHA Ha KOHEYHIX THTPaX BH- 
pyca. B ombirax CO CTpenTONMOM STH THTPbI OblJIH ake BbIle, JEM B KOHTPO 
Jie, O YeM! MBI yxKe CooOnlaiv B NpedbizyueH padote (7). JLua Toro 4To6pi one 
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HUTb 3HaYeHHe TaKOFO pesyJIbTATA, CleLyeT BCIOMHHTb OMbITHI, B KOTOPbIX ObIJIO 
BbIACHEHO, UTO JIHCTbA TaOaka, 3apamKeHHble BMT TompKo na 10 uac. no3qHee 
KOHTPOJIbHBIX, HAKOINJIAIOT BUpycCa NpHMepHO B {Ba pa3a MeHbIle, YeM 9TH 
mocuiequne (*). CreqoBaio Obl OKHLaTb MOSTOMY, YTO CyTOUHOCe MpeObLiBaHHe B 
pacTBope HHrHOuTOpa OyfeT AOCTaTOUHBIM, YTOOL! NOHU3HTb THTp Bupyca, H 
K@KeTCH COBC€M HeMOHATHBIM, MOWeMYy TMOCJIe OTMbIBaHHA CTpeNToOWMa STOT 
THTp MOCTHraeT BeJMYMH KOHTPOJIbHOrO HM flake MpeBbliaeT ero. Bauay sTux 
OOCTOATEIBCTB ObIIO WesecooOpasHO UCCJeLOBaTb Oowee NOApOGHO. Bompoc 06 
OOpaTHMOCTH NofsaBJAlOlero AeHCTBUA CTPenToUNya, TO H ObIO ChenaHO B 
jaHHou paodote. 

IIpexye Bcero CJleqoBaiO pewIHTb, OyAeT JIM MofaBJleHve OOpaTHMbIM, eCJIu 
Hakolsiouwe BMT mucTbxA OcTaHyTCA B pacTBOpe CTpeNToUNZa Ha CpoK Govlee 
JJIMHHBIM, vem 24 uaca. J|a STOFO NOJOBHHKM JIHCTbeB TaOaka, HHOKYJIMpoBaH- 
HbIe BMT, mpi norpyxazu B 0,01 M pactBop ctpentounyza Ha 6—8 cyToK us Ke 
MepeHOCHJM W3 Hero B Boy uepes 1—4 cytox. TuTp Bupyca Bo BCex 3THX MON0- 
BHHKaX JIMCTbeB CpaBHHBaJIM C THTpaMH BHpyca B MOJIOBHHKaX JIMCTbeB, Ha- 
XOJMBIIHXCA BCe BpeMA B BOfle. THTp BUpyca onpeletAmH, KaK OObIUHO, Ha 
20 muctbax N. glutinosa. Crenenb nowaBeHHA BbIparKav, KaK UM B pebily- 
MIMX ONbITaX, B MpOleHTaxX K UMCJY HeKpO30B Ha sHCcTHAX N. glutinosa B KoOH- 
Tpoule: 


Ne onpita* 6—8 cyTKH { cyTKH 2 cyTKH 3 cyTKH 4 CYTKH 

il 64 130 136 67 81 

; 2 63 93 a 92 _ 
3 67 MN) _ 106 135 


* B onsite Ne | npouecc Hakonwenus BMT we B TeyeHue 8 
CYTOK, B OCTAJIbHBIX ONbITAX —B TeyeHHe 6 cyTOoK. THTp Bupyca 
B KOHTDPO.1e H B OMBITe ONpexemAIH Ha 20 MOMOBHHKAaX JIHCTbEB. 
N. glutinosa 


V3 mpHBeqeHHbIX WHdp BUAHO, 4TO eCJIM axe moce 4-cyTouHOrO mpebsi- 
BaHHA JIMCTbeB TaOaka B pacTBOpe CTpeNToWuya MepeHecTH HX Ha 2 CyTOK B 
BOLy, TO THTp BUpyca B HHX OKa3bIBaeTCA He MeHee 3HAYHTEJIbHBIM, YEM B KOH- 
Tpoue. PesyibTaT STOFO OMbITa MO2KHO OODACHHTb TOJIbKO TeM, YTO pacTBOP 
STpeNToUNa He IpenATCTByeT PaSMHOMKeHHIO BUPyca B eFO BereTaTHBHOH (pase 
A TOJbKO OaBIAeT Mpollecc COspeBaHHA BUPYCHBIX YaCTHL, T. e. MOMaB/AeT 
6pa30BaHve OeJIKOBbIX OOoJIOUeK. 
~ Vicxofa 3 93TOro MpeAnosoKeHHA MOXKHO ObIJIO MONMbITATbCA BbIACHHT, 
2KOJIbKO BPeMeHH HY2KHO, YTOOLI BUPYCHble YaCTHIbI OeIHCb OeIKOBLIMH O6O- 
noukamu. Bp mocTaByieHbl cyielyroulHe onbitTs!. [loOoBHHKH HCTbeB TaOaKa 
TOMelaJIHCb B PaCTBOPbI CTpenTOUNAa YKa3aHHOH y2Ke KOHILCHTPallHH, a KOHT- 
JOJIbHbIe — B BoAY. Ha 3 usm na 4 CYTKH, 34 HECKOJIbKO 4aCOB JO onpedeseHusA 
THTpa BUpyca, NOJOBMHKM JIMCTbeB M3 CTPeNTOUNLa MepeHOCHIHCb B BOLY. 

Onpit Ne 1 gam cneqyromlMi pe3yibTaT: nocwie 3-cyTOUHOrO TpeObiBaHHsA B 
DaCTBOpe CTPelNTOUNAa THTp BUpyca cocTaBaA 57% KOHTpombHOoroO. Ec 
MMCTbA Mepenocuu 3a,1 vac Jo onpeseneHHA TUTpa, OH CocTaBIAN 67% KOH- 
*poubHOro, ecu 3a 2 vaca — To 49%. Ecuim nosOBMHKH JIMCTbeB, MepeHeceH- 
able H3 CTpenToOuN Aa, HAXOAMINCb B Bose 8 uac., TUTP AocTuran 122% KoHTpouA, 
semm 10 uac.— To 128%. Ecau mucTba mpedbipaiu B CTpemTounge 4 cyToK, a 
satem 12 uac. B Bose, TO THTP Obl paBeH 98%. 

B onsite Ne 2 noOBHHKH JIMCTbeB Nocse 3-cyTOUHOrO MpeObiBaHHs B CTpell- 
‘olue UMenu THTp Bupyca 57%. Ha ucxogle 3 cyTOK MpeObiBaHuA B CTpento- 
(ue WucTOUKM Ha.4 Yaca TepeHOCHJHCh B BOAy — TUTP BUpyca oKasaNcs paB- 
him 75%. Te xe JMCTOUKH Ha HCXofe 4 CyTOK Ha TOT Ke CpOK ObIJIH Nepene- 
‘HEI B BOY, M THTp BUpyca B HUX CTadl paBHBIM 78%. 
| OTH OMBITI OKOHVATEIbHO yOexKaloT HAC B TOM, YTO TIpolecc pasMHOxKeHHA 
lMpyca He CTpajlaeT OT CTpeNTOMHa, MOMaBAeTCA JIMIb COspeBaHMe BUpyc- 

BIX WACTHI, BCIeEMCTBHe Yero BUPyc, H3BJIeYeHHbIM U3 JIMCTa, OKAa3bIBaeTCA 
‘euH¢bek IIMOHHEIM. 
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Tloyyennble pesyJbTaTbl OMpeMe1AIOT TAKE IIpHOJIM3HTeIbHO CpOK, HeoO- | 
XOMMMbIii JIA COSpeBaHUA BUPYCHBIX YacTHN. On yCMelIHO 3aKaHUMBaeTCa B 
4-6 yac.— 3TOFO CpoKa MmpeObiBaHuA B BOMe JHCTbEB, MepBOHAYAbHO NOPPY- 
KeHHHIX B CTPeNTOWUMA, BMOMHE LOCTATOYHO AIA AOCTHAKCHUA THTPOB Bupyca, 
6M3KUX K KOHTPOJbHBIM HJIM WarKe MpeBbILaloulMx UX, 


Vucrutyt psupycosoruu um. JL. VW. MBanoscKoro Ilocrynvio 
Axanemuu megumnncKux HayK CCCP 6 I 1961 


LIMTHPOBAHHASA JIMTEPATYPA 
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30OJIOTHA 


i A. B. AHKOBCKHH 


NPOWECC KOH bIOrAUMH Y PEAKON COJIOHOBATOBOAHOHM 
MNAPAMELNHH PARAMECIUM WOODRUFFI 


- 


(IT pedcmaeaeno axademuxom H. H. UI maaveaysenom 25 XI 1960) 


_ U3 qecaTH u3BecTHBIxX celtuac Bux0B Paramecium TObKO CeMb H3y4eHbI B 
OTHOWIeCHHH KOHbIOraluu: HaHOovIee ospoOHo P. caudatum, P. aurelia wu 
P. bursaria, MeHee mogpo6uo P. trichium u P. multimicronucleatum; sB ue- 
W\aBHee BPeCMA PACKPbITHI AMepHble Mpolecchl mpu ‘Koniorayun P. calkinsi (*) 
uP. polycaryum (*). Anepypit wuka B KonbIoranHtax P. jenningsi, Buxuo, 
copnaylaeT Cc WMKIOM y Ou3Koro Buna — P. aurelia (*). B urore ocrarotcs co- 
BePUIeCHHO HEHCCJIeQOBaHHbIMM IIpOleccbl KOHbIOralHH y ABYyX pe(KHX BHAOB 
_tlapameun — P. woodruffi Wenrich 1926 u P, arctica Doroszewsky 1959. 
Ham yJjasocb BbILeHTb B OKpecTHocTAX JleHHHrpasa WBe pacpt P. woodruffi 
‘VM BbIACHHTS AepHbI WHKJI pH KOHDIOrAalHu STOO Bua. 
_B oOmleti cxeme H3MeHeEHHA MUKPOHYKJleyca Mp KOHBIOrAaLHH Y pasJIMUHbIX 
_ BHAOB MapaMellHH coBnasaioT (raMeToreHe3, TMepeKpeCTHOe OMmJOOTBOpeHnHe, 
-MeTaramHaa (pa3a). OHaKO KaxKbIi BU, BHOCHT CBOeoOpa3ve B STY Cxemy: 
“pa3IM4HO KOJIM4eCTBO H pa3Mep MHKPOHYKJIeyCOB, KOJIMYeECTBO XPOMOCOM B 
AMMJIOMJHOM HaOope, KOJIMYeCTBO Aep, AereHepHpyiouwlHx B TeyeHve Mporam- 
HOH (a3bl: OCOOeHHO pa3sHOOOpPa3HbI Y Pa3HbIX BHOB AJepHble Mpollecchi B Me- 
_TaramMHon dase. 

Matepuwasiom paOoTh MocyKHIM UMCTHIe JMHHM (KsOHbI) P. woodruffi, 
BbifeseHHble JIeToM 1959 r. B Ileteproce nu Cectpopellke 43 JBYX M@JIKHX peK, 
HellocpeCTBeHHO y MeCTa HX BalleHHaA B Basirulickoe mope, P. woodruffi 
-XOPOWIO KYJIbTHBUpyeTCA OOLIUHEIMH MeTOJaMH, Ha pHCOBOH cpele B Uallikax 
>Tletpv wim Ha CeHHOM HacToe B NpoOupkKax. ONTHMAIbHaA COJICHOCTbh KyJIbTH- 
 BaWlHOHHOH Cpebl Avid O6enX pac coctaBsAeT 10°/),. 

Tlocae MHOrounCJIeHHEIX MpoO ObIJIH BbIJeeHbl JBe B3aMMOKOHDIOrHp yloulHe 
JMHHM, IpWHalyiexKalljve K KOMIVI€MeHTapHbIM THNaM ciapHBaHuA. CMellinBa- 
HUA 9TUX JIMHUM B COJIOHKAX MPHBOAUT K THMHYHOH «peakIMH CnapuBaHuA» — 

-Bce ocoOM ObICTpO arrJNOTHHHpy!OTCA B OOULyIO Maccy, KOTOpad ToCcTeMmeHHO 
paclayaeTcsa Ha OT{eJbHbIe napouKH. BuHyTpH %Xe 9THX JMHHH KONDIOrAalNA 
HUKOra He HaOwOanacb. P woodruffi, Takum o6pa30M,— BOCbMOM BUA Napa- 
'MellHi, Y KOTOpOrO, HalieHbI THMbI ClapHBaHHA, BMepBble MpOAeMOHCTpUpo- 
_panuuie y P. aurelia (*) u mo3fHee HaifeHHbIe ellie y WecTH BUAOB Napamelnii (°). 
VHTeHCHBHOCTh aITJIOTHHAWHH pa3JIM4Ha y pa3HbIX BHJOB Napameluit. 
‘Tio Hamm JaHHbIM, HavOoJIbIad MHTeHCHBHOCTb cBolicTBeHHa P. calkinsi, 
-P. woodruffi u P. bursaria; cna6ee BbipaxkeHbl peakluA CnapuBanna y P. tri- 
-chium uw P. aurelia, u mourn He BbIpaxkena y P. caudatum nu P. multimicro- 
nucleatum. Jlo cux nop B JMTepaType HeT CBeeHHM O THMaxX CnHapwBaHuA u 
_peakiluu cnapuBanua y P. polycaryum u P. arctica. 
AnepHEi WK B KoHbIOrantax P. woodruffi 6b mpociexeH Ha cepun 
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TipenapatTos, okpaiienupix Ha JLHK no Peupreny. 
Jla BeretaruBubix ocodei P. woodruffi xapaktepHo HajMune 3—5 MuKpo- 

_ HYKJIeycosB, JieKalllHX He OKOJIO Apa, KaK y OOVIbINMHCTBA OCTAJIbHbIX BHJOB, 
| a CBOOOHO B Mia3Me, 613 MepesHero Kona Tela. Bce onn BcTynaloT B I mpo- 
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raMHoe JevleHHe, MpoXoAA B npocbase THNMYHY1O AIX Napamenlui (Kpome P. tri- 
chium) craguro «cepna» (puc. 1 a — @). 6—10 qouepHux sep OvicTpo, MpaKkTH- 
yecku 6e3 HHTepdbassl BcTyNaioT Bo II mporamHoe Jesenue (puc. 1 2 — e), oOpa- 
3yA cooTBeTcTBeHHO 12—20, uamje 16 aqep, pa3Mepbl KOTOPbIX BBOe MeHbIIIe 
pa3MepOB MaTepHHCKUX sep. OrcyTcTBHe uHTepdasbt Mexzy | u I] nporam- 
HbIMM JieJIeHHAMM M TaKOe COOTHOWIeHHe pa3MepOB MAaTepHHCKHX HM AOUepHuX 
sjlep TOBOPUT O peyKIMH XPOMOCOM IIpM BTOPOM AeIeHHH CO3peBaHHA, Kak STO 
umeet Mecto u y P. trichium (°), P. caudatum u P. bursaria. 

Tlocae II qeseHusa Co3speBaHHa HaCTyNaeT AVIMTebHaA MHTepdasa, BO BpeMA 
KOTOPOH JereHepupyeT OOMbUIMHCTBO O“ePpHUX TanJOMAHbIX ARep (puc. lac). 
B nocsequee, III, qenenve cospeBaHua BCTyMalIoT OOBIGHO OT | Yo 3 Aep, IpoH3- 
BOJIA COOTBeETCTBeHHO 2, 4uH 6 MpoHyKNeycoB.ToubKO O4Ha Napa MponykKJey- 
coB ocTaeTCA (YHKUMOHaIbHOM, OCTabHbIe jereHepHpyloT (puc. | 3 — kx). 
O6MeH MUIpHpyIONIMMM MpOHyKJieycaMM MpOMCXOAMT CHHXPOHHO CIlyCTA mpH- 
MepHo momyaca nocwe II] qenenua; mepeliqa B KleTKy NapTHepa, MUrpupyio- 
ULMit IPOHYKuJleyc CJIMBaeTCA CO CTAL|MOHAaPHIM B THIMYHIM CHHKapHoH (puc. le). 
Ha 9ToM mporamMHas casa KOHBIOralHH 3aKaHYHBaeTca. 

Tlocr3uroTwyueckui, WIM MeTaraMHBIi, WHKsI BKOYaeT y P. woodruffi 4e- 
ThIpe MOCeMOBATeIbHBIX JesIeHHA CHHKapHona; mocse | AeneHua OAHO U3 Jo- 
4epHHX Afep MerenepupyeT, Kak u y P. caudatum; ocTapmeeca aqpo AemuTca 
Tp pasa, oOpa3ya B uTore 8 MesKUX agep (puc. | x — n). TlaptHepsi pacxo- 
ATCA HM BCTYMAIOT B 9KCKOHDIOrAUHOHHEIN WHKJI, B XOM€ KOTOPOrO MpOvCXoOLUT 
peKOHCTpyKUHA HOpMasIbHOrO sAfepHoro anmapata. [3 8 metaramubix sagep 4 
CTaHOBATCA MHKPOHyKJeycamu, 4 — 3auaTKaMM MakpoHykKJieycos. J[Ba eule- 
HHA 9KCKOHBIOraHTa MpPHBOAAT AMePHbIN alllapaT K HOPMAaJIbHOMY COCTOAHHIO. 

Meraramubiit Waka y P. woodruffi uck0uHTebHO H3MeHUMB, ITO OTIMGAeT 
9TOT BH OT OOJIbUIMHCTBA OCTA@JIbHBIX BHJOB MapamMelluh uM COMKaeT ero C 
P. polycaryum (?, ”). Tlocme nepBoro ReteHua CHHKapHoHa y M3y4aemoro Bua 
OAHO H3 JouUepHHX ep MOKeT He JereHepHpoBaTb, HM Tora IKCKOHbIOrAaHT 
nomyuut 16 sagep. HepeqkH 9KCKOHbIOraHTH C elle OOJIbUIMM KOJIMYeCTBOM 
afep (24, 32), 4To yka3bIBaeT, TIO-BHAMMOMY, Ha HaOaBOUHble JeueHHA CHHKa- 
pHouHa. 

Bmecte C TeM, MeTaraMHble Apa y MapaMellHi CTaHOBATCA MAKpoO- HW MHKpo- 
HyKJIeyCaMM B CTporo oOMpeeJIeHHbIX COOTHOWeHHAX: Tak, y P. trichium (°), 
3a peqyaHWIMMU OTKJIOHCHHAMH, U3 8 MeTaraMHbIX Aflep 3 WereHepupyioT, | cTa- 
HOBHTCH MHKpOHyKJleycoM, 4 — 3a4¥aTKaMH MAaKPOHYKJieycoB YeTbipex ouep- 
HUX KapHoHH. Hanpotus, y P. woodruffi met Haxoqum pa3HooOpa3HenHe 
coueTaHHA 3auaTKOB MaKpoO- HM MUKpouHyksieycos: 4 : 4 (HavOosee uacTo), 5: 3, 
5: 7,4: 12, 3:5 pay apyrux. Taxaa xe HeCTaOHJIbHOCTS OTMedeHa B JIMTe- 
patype qua P. polycaryum (’). Bugumo, HecTa6ubHocTb nocT3HroTH4ueckoro 
uuksia y P. woodruffi u o6yc1oBsmBaeT WIMpoKy!0 BapMallHio YuCa MUKPOHYK- 
Ji€yCOB y BereTaTHBHBIX KJIeTOK, Te BHYTPH OJHOM HW TON Ke NONyIAWMA OOHA- 
Ppy2KHBalOTCH NapaMellMu, HMetoulMe oT | Jo 8 MUKpOHyKseycos. 

B oTHOWeHHH CTpyKTypbl 3a4aTKOB MaKPOHykvleyca BUAbI Mapamellui Mo2x«- 
HO MO pa3qeMTb Ha [Be rpynnpl. K nepBoH rpynme, B YacCTHOCTH, NpMHasvie- 
aT, TO HauIMM Janupim, P. caudatum u P. multimicronucleatum: y sTux Bu- 
OB 3a4aTKH TOMOFeHHEI, 10 MeJIbreHy KpaCATCA paBHOMepHO H O4eHb c1a60; 
B TeyeHHe MJIMTebHOrO BpeMeHH cHHTesa JIHK B HUX He MpOMCXOAHT, M 3a- 
4aTKH 3aKPalMBaroTCA TWa3MeHHbIMH KpaCHTeJIAMM (JIHXTTpioHoM). Ilo3qHee 
HauHHaeTCH AKTHBHbIM CMHTe3 JLHK, u B ape cTaHOBHTCA BHAMMOH Macca 
MeJIKUX @eJbreH-NOSHTHBHLIX TpaHy. Ko stopoH rpynme BuyoB npMHasse- 
«aT P. trichium mu P. woodruffi; y stax BuxoB 3auaTKH BCerya CosepKatT Denb- 
PCH-MO3HTHBHbIC TpaHyJIbl, H BPeCMe€HHOH NOTepH CMOCOOHOCTH CHHTe3HpOBaTb 
AK 8B Hux OOnapyxeHO He OBO. 

Kak npapuso, y napamenuii 3auaTKM MaKpOHyKJleycoB pacTyT CHHXpoOHHO, 
H MOSTOMY Ha JUOOOH CTANMM SKCKOHBIOralMOHHOFO IWMKJIa BCe 3a4aTKH BHYTpH 
OAHOM HM TOM Ke KJIeTKH HMeIOT OMHAKOBbIe pasmepbl. MckmoueHHA H3 9TOFO 
MpaBiJia HaveHbl TObKO y P. polycaryum (’), re B HeKOTOPbIX 3KCaBTOra- 
9£0 


1 


——~ 


Puc. 1. AepHble mpoueccsl np KoHBIOrauHH Paramecium woodruffi Wenrich. 
C mpenapatos, OkpalieHHbix no Meibreny. 600 X. Penpog. 2:5, a—e—I 
mporamMHoe jfeseHHe; 2@— untepcdasa; 0 — II (pemyKuHoHHOe) nporaMHoe {[e- 
jeHHe; € — xc — unTepda3a; 3 — III feneHHe anep (9kBaltHOHHOe),aloulee IIpo- 
HykKsleycbl; 4 — 2 npoHykseyca BJIeBOM KOHbIOraHTe, 6 —B paBOM; K— OOMeH 
MHIpHPYIOUIHMH MpOHyKJIeycaMH B POTOBOH 30He; H3ObITOUHBIe MpOHYyKeycnl 
TereHepupyloTt; 2 — m — CIMAHHE NapHbIX MpPOHYKJeycoB B CHHKapHOH; # — 
II qentenne cuHkapnoua; o — III menenue cuHKapHona; n — IV jeneHHe CHHKa- 
pHOHAa H pacCxOmwKAeHHe NapTHepoB; np — 9KCKOHDIOraHT c8 HeANppepeHUHpoBaH- 
HBIMM MeTaraMHbIMH AfpaMH; Cc —KpylHble H MeJIKHe 3auaTKH MaKpOHyKJley- 
COB B SKCKOHbiOraHTe; ml — x — THMHUHBIe AepHbie H3MCHEHHA B 9KCKOHBIOFAaH- 
Tax; 4 — BO3felicTBHe BLICOKOH Temnepatypbl Ha P. woodruffi: 3auaTKH HOBBIX 
ajlep He pactyT, (pparMeHTHI 2e CTaporo MaKPOHykKvJleyca CJIMBaIOTCH MexK]Ly CO6OH, 
BHOBb OOpa3syA MakKpOHyKuJleyc 
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MOHTaX BHJHbI HOPMAJIbHbIe KPYMHble 3a4aTKH MU, KPOMe HHX, 3a4aTKH BBOe 
MeHbUIMX pasmepoB. C STHM 2Ke ABJeHHeM MbI BCTpeTHIMCh y P. woodruffi, 
re MpouenT TakKUX 9KCKOHDIOraHToB JocTuraet 10%. TocTosHHoro CooTHO- § 
IIeHHA M@KLY KPyNHbIMH M MeJIKHMH 3a4aTKaMH OOHapyxKeHO He OblIO; valle f 
BcerO Mbl HaxoluM cootHouleHve 8:4, Hepenko 4:4, 4:6, 5:5u pay 
apyrux. HanGouiee BeposTHO MpeAMOMOXKUTH, YTO KPYMHble 3a4aTKH MPOWCXOMAT | 
OT JMMIOHAHBIX Alep, 3auaTKH BABOC MeHbIIMX pa3sMepoB — OT FanMOHAHbIX 
ajlep. | 
Hakouell, MeTaramHad AepHad PeKOHCTpyKUMA y H3yyaemMoro Ba yCOxK- 

HeHa TaKKe 3HaYHTebHOM 3aBHCHMOCTbIO AJepHOro IWMKJIa OT TeMMepaTypbl. 
[pu KoMHaTHOM TemnepaType peakUHA ClapHBaHHA M KONDIOrAallMA MpoTeKaiorT | 
HopMasbHO. HaunHaa c 25—27° v Bplllle peakKUMA CNapwBaHuA y2Ke He Mpouc- 
xomut. Ecuim Ke Napameltuit cnapuBaTb Tp KOMHaTHOM TemMepatype, H 3aTeM 
lOCTABHTb B TepMocTaT pH 27°, B SKCKOHBIOrAaHTAaX MpPOMCXOAUT Mpolecc pere- F 
HepallMM MaKpOHykKJieyca: 3a4aTKH MA@KPOHYKJieyCoB JereHepMpyIoT, a HOBbIM Ff 
MaKpOHyKsJleyC BO3HHKaeT H3 (bparmMexta craporo. Y P. aurelia sTo aBjeHHe | 
BbIsbIBaeTcs (8) Somee BbICOKUMH TeMMepaTypamMu — HaunHad c 37° ¥ BBIIe. 

KsIOHbI, BbIBeJeHHbIe OT 9KCKOHbIOraHTOB P. woodrulfi, HecnocoOubl K 
KOHbIOraluH B TeYeHHe MepBbIX MOJyTOpa MecAleB HX MKU3HH, NosfHee Ke B | 
JOOOM MOMEHT JaloT THIMUHYIO peakIMio ClapMBaHuA. ITO TOBOpHT oO HaMUUH | 
y P. woodruffi 3aTaxKHOoro MepHosla «noJOBOH HespesocTH», OOHAPyXKeHHOTO | 
pauee y P. bursaria (*) 1 y Muorux Muu P. aurelia (*), HooTcyTcTByroulero | 
y P. caudatum (7°) nu P. trichium (°). 

B wesioM WuKJI H3MeHeHHuH MukpoHykKvieycos y P. woodrulfi cxofeH c WuK- 
som y P. calkinsi (4) u P. polycaryum (?). Hanpotus, WHks H3MeHeHHH MaKpo- | 
HyKsleyca pa3iuueH y 3THX MHPy3OpHH: y OOOHX MOCeMHHX BUOB MaKpOHYK- 
jieye pacnaflaeTcA TOJbKO Noce pasbeqHHeHHA Mapbl, B IKCKOHDbIOraHTaX; 
y P. woodrulfi »*xe mMakpoHykKwJleyc pacnafaeTca c camMoro HaYasla mpotecca 
KOHbIOraluH. OcoOeHHOcTb NoBeleHHA MaKpOHykKweyca B XOfle KOHDIOraluu 
MBI paCCMaTpHBaeM KaK OHH H3 JOCTOBEPHbIX BHAOBLIX IIPH3HaKOB y MapaMme- 
WH: MakpoHyksleyc pacnafaetca B koHbIoranTax P. trichium, P. woodruffi, 
P. aurelia u P. multimicronucleatum; B skckonbrioraHTtax P. caudatum, P. cal- 
kinsi nu P. polycaryum; y P. bursaria MakponyKuleyc paccacbiBaeTCA B 9KCKOHDIO- | 
raHTax, He (parmMeuTupyscb. Kak BHAHO, No 3TOMY MpusHaxy P. calkinsi u 
P. polycaryum, c ofHOH CTOpOHbI, H MopdosorM4ecKkH 6M3KHM K HMM BU | 
P. woodruffi — c Apyroi, nmonagqatoT B pa3Hble rpymmnl. 

JM wusyyenHoH Hamu pact P. woodruffi xapakTepHa acHHXpOHHOCTb pac- 
naa MaKpOHYKJieyca: B OMHOM H3 TapTHeEpOB MaKpOHyKJleyc pacnafaeTca Ha 
MHOrO ObicTpee, YeM B Apyrom apTHepe. OTO ABJIeHHe He OTMeUaJOCb B JIMTepa- 
Type AA Apyrux BUOB NapamMewuit VW He OblsiIo OOHApyKeHO Ha HallIMX Mpena- 
patTax Konbiorupytoulux P. trichium uw P. aurelia. Bo3smoxuo, 4TO 3TO elle 
OJMH OTJIMUXTeIbHBIN BAHLOBOH mpu3sHak P. woodruffi. 


JleHuHrpagcKHi YrocyapcTBeHHblit yHuBepcuTer Tlocrynuio 
um. A. A. )Knanopa 23 XI 1960 
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PHSHOAOLHA 


A. ©. MAEWATbIN, A. C. JIABHHCKAS wu B. A. KALLUTA]3E 


| CYMMAUKMS AHTHPEHHbIX PA3APA)KEHHH B MAKPOMHTEPBAJIAX 
' BPEMEHH TiPH BAKUMHALWAMM DKHBOTHbBIX COPBHPOBAHHbIM 
i CTOJIBHAWHbIM AHATOKCHHOM 


(IIpedcmaeaeno axademuxom B. H. Yeprueoecxum 24 1X 1960) 


| Beseq 3a padoton JI. JI. Apepbxaxoson (*), yCTaHOBUBUIeH BLICOKy!0 3p- 
JPotanaser UCNOMb30BaHUA NIPHHWWNa CyYMMallMM aHTHreHHBIX pasipaxkennit 
'B MHKPOMHTepBalaxX BpeMeHH MPH MMMYHH3allHH 2%KHMBOTHBIX HATHBHbIM CTOVJIO- 
HAYHBIM AHATOKCHHOM, ObIJI OMyOJIMKOBaH px WCCeMOBaHHH, MOKa3aBIIHX, 
YTO 3TOT TIPHHIMM MOMKeT ObITb C YCMeXOM HCMOIb30BaH HM pH HMMYHH3allHu 
OKMBOTHBIX JPyrHMM aHTHreHamu (HaTHBHbIM J\MdTepHiHbIM aHATOKCHHOM, XO- 
JepHOH WM aHTHpaOwuecKOl BaKI[MHaMM, aHaTOKCHHOM mepdpHurenc Vu p.). 
OTH UcCeqOBaHUA CBeeHEI B padote JI. O. [newuroro (*). OjHOBpeMeHHO ObIIO 
_BbIACHEHO Tak?Ke, 4TO CYMMAIIMA AHTHTeHHBIX pas—ipaxkenuli B MUKPOMHTep- 
BaJlaX BpeMeHH OOyCJIOBJIHBaeT pa3sBHTHe He TOJIbKO Ooslee BbICOKOM pesHCTeHT- 
HOCTH %KMBOTHBIX, HO H Ooylee SHEPrMYHOK NpoOLyKuMU cmewMdpw4yecKUX aHTH- 
TeJI, B YACTHOCTH AMdTepulinoro MU CTOMOHAUHOTO aHTHTOKCHHa (°, °). 

B cBx3H C BCe Ooulee IIHPOKUM NPHMeHEHHEM B MPOTHBOSTIMJeMH4eCKOH, pak- 
THKe COPpOMpOBaHHbIX BaKIUMHHPYIOWIMX mpemapaTOB BeCbMa BaxKHOM 3ajlauen 
‘SKCIIEPHMeCHTAaJIbHOM HMMYHOJIOrHM ABJIAeTCA H3y4eHHe HanOouee 39PpeKTUBHBIX 
“MeTOJOB MMMYHH3allHH C MOMOMIbIO STHX MpemapaTosB. B uwacTHOcTH, mpescTaB- 
|IAeT ONpefeNeHHbI TeopeTHyecKHH WM MpakKTM4YeCKHH HMHTepec HcCeOBaHHe 
BOopoca 06 scpeKTHBHOCTH NOBTOPHOTO BBeeHHuA COPOMPOBaHHbIX mpenapaToB 
‘wepes KOpOTKMe HHTepBasbl BpemeHH. B Be eae MOUTH He HMeeTCH COO06- 
“WeHHM m0 STOMy BOompocy, HUIb B paGotax JI. A. [lepuuuxKoro (7, *) mpHBo- 

{ATCA HeEKOTOpble JaHHble B 9TOM OTHOIWEeHHH. B TepBoH padoTe aBTOp yKa3bl- 
'BaeT, YTO ApoOHOe BBeseHHe (9 pas c HHTepBasoM B 3 4aca) COpOupoBaHHOrO 
CTONOHAUHOFO AHATOKCHHA OOYCOBUIO GONIee BbICOKYIO Pe3HCTEHTHOCTH OeJIbIx 
KPpbIC K CTOOHAYHOMY TOKCHHY Ha 7 JeHb MOC BaKIUMHAIMM, YEM OHOKPaTHOe 
“BEeeHHe TaKOH 2Ke JO3bl aHaTOKcHHa. B Apyrok paOoTe, mpoBeseHHOM B Tex *Ke 
“MeTosMuecKux ycnoBuaXx, JI. A. TlepHuukomy He yqaocb OOHapyxKUTb pasIM4MA 
3 SPeKTHBHOCTH ApPOOHOTO HM OMHOKPAaTHOTO BBeeHHA aAHATOKCHHA. 
Haw na6mojenua Obi npopeseHbl Ha KpomMuKax Becom 2—2,5 xr (24 xKu- 
BOTHBIX). JIA BaKIMMHAllWH 2KHBOTHBIX HCHOb30BaJICA CepHHHbIt CopOupo- 
BaHHbI CTOJOHAYHBIN aHaTOKCHH (mpou3BorcTBa VMuctutyTa snufemMouorun 
M MuKpoOuonornn AMH CCCP). HenocpegctBenHo nepey BakUMHalMen ana- 
TOKCHH pa3sBomMsica (pH3HOMOTMYeCKMM PacTBOpOM B OTHOWeHHN | : 4. Odmiee 
KOMMYeCTBO BBOJMMOFO X%KHBOTHBIM aHaTOKCHHa paBHsAOcb 2 mu. KpommKam 
I moqonsiITHor Tp ynibl (10 »xHBOTHBIX) 9Ta 03a aHAaTOKCHHA OblJia BBeMeHa My- 
Tem 9 WHbeKIMH Cc MHTepBatom B 3 yaca (pH nepBot unbeKuMH 0,4 Ma, mpH 
“mocaenyromx 0,2). Kusorupm II nogonpitxoi rpynnpt (5 KPomHKoB) 3TO KO- 
JIMMECTBO AHATOKCHHA ObIIO BBEeHO MOcpeCTBOM 5 WHbeKILMH C TAKMM Ke HH- 
| ‘TepBaviom. Haxonen, Kpomukam III (kontpombuon) rpynnbt (9 %HBOTHEIX) 
Obl MPHBUTbI yTeM OMHOKPAaTHOTO BBeseHHA 2 MJI AaHATOKCHHA. 

O mpoTuBocTonGHAYHOM HMMYHHTeTe BaKIMMHAPOBaHHbIX XMBOTHBIX CYAMIN 
710 COfep»KaHuIO CTOMOHAYHOTO aHTHTOKCHHA-B KpOBH. KoMuecTBeHHOe ompe- 
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jleyleHHe CTOJOHAYHOTO AaHTHTOKCHHa B= KPOBH KPOMHKOB MpOH3BOMMNOCb B 
culeyIoulMe CpOKH: lO BakUMHaHH U Ha 10; 21; 30 140 qHM Noce BaKIy- 
uauun. Kak Bcerfa, HccIeqoBalacb aHTHTOKCHYeCKad AKTHBHOCTb KPOBH Kaxk- 


JOrO 2MBOTHOTO B OTeJIbHOCTH. 


PesyJbTaTb! HaOMOMeHHH MpecTaBJIeHbl B TAO mele 
Jlauubie, npuBeenuble B Tal. 1, CBUeTebCTBYIOT O TOM, 4TO BbIpadoTKa 
“KUBOTHBIMU CTOJIOHAUHOTO AHTHTOKCHHA MPH BaKkIMHallMM UX COpOMpOBaHHbIM 


Ta6auna 1 


TivHaMvKa HaKkOMJeHHA CTOJOHAYHOFO 
aHTHToKcHHa (B AE) B KpOBH KPOJIMKOB, 
BaKIMHUPOBaHHbIX COPOMpOBaHHBIM CTOOH AYUHbIM 
aHaTOKCHHOM 
(CoqepKaHue aHTHTOKCHHa JO BakI[MHauHu 


0,005 AE) 

Ne Yepes 10 | Uepes 24 | Uepes 30) Uepes 40 
KpOJIHKa muen eHub mHelt jmHeH 
Bi [ rp yuma 

| 

591 0,025 0,5 0,75 1,0 

685 0,05 0; %5 Ao) ORS) 

682 0,025 0,370 0,75 Odie 

993 0,05 0,5 0,0 PN) 

867 0,025 0,25 0,5 0,5 

837 0,2 0,5 19 1,0 

962 0,05 R23 0,75 1,9 

wad 0,025 0,375 10 WO, 

639 0,05 0,375 Ono) 1,0 

816 Ont 0,25 0,375 Opaine 

Cpedu. 0,06 0,4 Ont 0,8 
| 
Il rpyuna 

907 0,05 ya) 250 Zao) 

637 0,05 OF aie) WD Ae) 

905 0,005 il 50) 0) SS) 

952 0,05 0,5 0,5 10 

970 0,05 OR29 OND One 

CpeqH 0,04 0,9 12 | fae) 
lil rpyuna 

732 0,075 = Ho) O58) 

694 0,025 0,375 Ostia) OFo 

606 0,05 0,125 O25 0,125 

609 0,45 0.75.0, 0-5 0,25 

728 0,025 0,125 0,375 | 0,125 

913 0,4 0,25 0,25 0,5 

692 0,05 0,2 OS am mOMiD 

756 0,1 0,25 — 0,25 

fed 0,05 Oma 0,5 0,25 

Cpenu....| 0,06 0,25 0,47 (0) B30) 


aHaTOKCHHOM 110 CxeMaM CKOpceT- 
HOrO MeTOfa, OCHOBaHHOTO Ha 
mpwulune CyMMauuu aHTHreHHOrTO 
pasipaxkeHuA B MHKPOMHTepBa- 
JlaX BPe€MeHH, IpOHCXOQMT 3Ha- 
YUTeIbHO GOJIee HHTCHCHBHO, 4em 
TIpH OfHOMOMeCHTHOM BBeJeHHH 
CYMMApHO Takoro Ke KOMUeCTBA 
anaTOKcHHa. Oco6eHHO BeJMKO 
pasjmuve B THTpax aHTHTOKCHHa 
y KPOJIMKOB, TIPMBHTEIX TyTem 5- 
KPaTHBIX UHbeKIHH anaTOKcHHa 
C HHTepBayIOM B 3 yaca HM OHO; | 
KpaTHOrO BBeeHHA — B HEKOTO-| 

pble CpOKM COfepwKaHHe AaHTUTOK- 
CHHa B KPOBH Yy %XKHBOTHBIX 
I rpynmpl 6p10 B38—4 pa3a 6oub- 
1IHM, 4M y KpowMKoB II (KkoH- 
TPOJIbHOM) rpynnbt. 

VMutepecHbim ABJIAeTCA TO O6- 
CTOATeIbCTBO, 4TO O-KpaTHaA 
WpoOuas BaKIHHalluA OKa3aacb 
Coulee actbeKTHBHOH, 4uem 9-KparT- 
Had. IIpaBumbHoe OObACHeHHE 
39TOrO @akTa, MO-BHAMMOMYy, Co- 
CTOMT B TOM, 4TO 9-KpaTHOe BBe- 
JleHve COpOHpOBaHHOrTO aHaTOKCcH- 
Ha, SABJIAIOULeErOCH BeCbMa CHJIb- 
HbIM @HTHTeHHbIM pa3qpaxKurTe- 
JleM, CO3laeT upesMepHoe MO cH- 
Je pa3ipaxeHve, lpHBossilee 
K H3BeCTHOMy TOPMOxKeHHIO (nO 
CpaBHeHHio C 5-KpaTHbIM BBejje- 
HveM) WMMyHOoreHesa. MoxKHO 
mpeqmouaraTb, TO aJibHeHtiee 
yBeIM¥eHHe YHCa HHbEKUMU M0- 
BJICKIO Obl 3a COOOH Gowee OTUeT- 
JIMBO€ OTHOCHTeJIbHOe MOWaBseHHe 
MpOAyKWHH aHTHTOKcHHa. Bmecte 
Cc TeM, He MUcCKOYeHa BO3MOXK- 
HOCTb, 4TO YMeHbINeHHe 4HCJa 
HHbeKUHH WO 3—4, ObITb MOXET, 
O6ycIOBHIO Obl emule Oolee SHEp- 
ruyuHoe oOOpa30BaHHe aHTHTeJ. 
Takum o6pa30M, He OyJleT, Bepo- 


ATHO, OWHOKOH CemaTb BbIBOL, 4YTO B CuyYae MPHMCHeHHA MpH CKOpOCTHOH 
HMMYHH3allH COPOHpOBaHHBIX TpemapaTOB 3HAYHTeIbHO YIIPOMLlaloTCA CXeMbI 


BaKUMHalyy. 


XOPOMO W3BECTHO, UTO 3HAUMTeJIbHOe COfepKaHve aHTHTe/ B KPOBH, B Wa- 
CTHOCTH CTOJIOHAYHOTO AHTHTOKCHHA, B CPOKH, OAMKaMUIMe 3a BaKkIMHalNen, 


994 


camo 10 ceOe mpakTHYeCKH He ABJIAeTCA BarxKHBIM. [opaslo Oobuiee SHaYeHHe 
MM@IOT JJIHTEIbHOCTh COXpaHeHHA THTpa Ha ompeseeHHOM MHHHMAaJIbHOM (3a- 
II[MTHOM) YPOBHe HW CKOPOCTb JOCTH2KeHHA 9TOTO ypoBHA. PaccMaTpHBaA B 39TOM 
MlaHe IpeACTaBJIeHHbIM BbIe (aKTHYeCKHH MaTepHas, HEOOXOAMMO OTMeTHTD, 
‘GTO CKOPOCTb HaKOMJICHHA AHTHTOKCHHA B KpOBM %KMBOTHBIX IIpH BCeX Tpex 
MCCJIENOBAHHbIX MeTOMaX BaKIMHalWH ABJIAeTCA B OOLICEM OLMHAKOBOH (HeKO- 
TOpoe OTCTaBaHHe B 3TOM OTHOMICHHM XKMBOTHBIX, BAKILMHHPOBaHHbIX 5-KpaTHo, 
OObACHAeCTCA HHM3KMM COJepxKaHHeM AHTHTOKCHHAa B KpOBH Ha 10 feHb nocue 
BaKUMHAalHu JIMWIb y OfHOrO KpomuKa). UTo xe KacaeTCA JHHAMMKM Hakome- 
‘HHA AHTHTOKCHHA Ha MpOTAKeHHH BCero nepHofa HaGJIOJeHHH y KpOHKOB 
pa3HbIX rpynn, TO 30ecb HMEIOTCA COBePILeHHO yeTKHe pasJIMuHA. Y 2XHBOTHBIX 
KOHTPOJIbHOH TpPYyNMbl cOfep2xXKaHHe AHTHTOKCHHA B KPOBH B CpOK Mexpy 30 
M40 HAMM NOcIe BAKUMHANNH OOHAPy2XUBaeT ABHYIO TCHCHIMIO K CHHKEHHIO 
(3a CueT NOHWKEHHA THTPOB y Bcex KpomuKoB). B I mogonbirHoh rpynne (2Ku- 
BOTHbI€ MPHBUBaJIHCb ApOOHO, 9-KpaTHO) B 9TOT MpOMexKYTOK BPeMeHH cpesHuii 
THTp aHTHTOKCHHAa OcTaeTca MpaKTH¥eCKH CTaOHJIbHBIM. Y KPOJMKOB 2Ke, BXO- 
Aamax Bo II nogonnitHyio rpynmny (mpHBHBalucb ApoOuHO, 5-KpaTHO), mocse 
30 AHA HaOwOMaeTcA ambHeEHUIMH 3aMeTHbIM MOJybeM cpeqHero THTpa, mpHuem 
3aCUeT MOBBIMICHHA COMepxKaHHA AHTHTOKCMHA B KPOBH Y OOVJIbIMHCTBa 2KMBOT- 
HbIX. Ha ocHoBaHuM 3TOrO He OyfeT, NO-BUAMMOMY, OWIMOKOM nonaraTb, uTO 
MPOJOMKUTeIbHOCTh COXpaHeHHA THTpa CTOJGOHAYHOTO AHTHTOKCHHA Ha HeoO- 
XOAMMOM (JIA mpodpusakTHKH 3a00JIeBaHHA CTOJIOHAKOM yPOBHe OKaxKeTCA y 
KPOJIMKOB, BAKIMHUPOBaHHbIX APOOHO, 3HauHTeJIbHO OOJIbUIeH, 4YeM y 2KHBOT- 
IHBIX, IIPHBHTbIX MyTeM OJHOKpaTHOrO BBeeHHA aHATOKCHHA. 

_ B wenom, Takum o6pazom, co3flaeTcH BOHE OnpefemeHHOe BreyaTJIeHHe 
O 3HAYMTeIbHO Gosiee BbICOKOH 9dpeKTHBHOCTH, OCHOBaHHOM Ha NpHHune 
CYMMalMW AaHTHTeHHbIX pa3paxKeHHi B MHKPOHHTepBalaxX BpeMeHH [poOHOrO 
BBECHHA COpOMpOBaHHOTO CTOJIOHAYHOTO aHaTOKCHHAa [0 CpaBHeHHIO C OHO- 
KpaTHbIM. Kak BuHO, COPOHpOBaHHble mpenapaTbl B 9TOM OTHOMeHHH He OT- 
MHM4atoTCA OT HATHBHBIX. 


HucTHTYT HOPMasIbHOM H naTomorvuecKol (pH3HO0rHH Tlocrynusio 
Akayemuu MegMuMHCKHx HayK CCCP 24 IX 1960 
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Jloxaagmn Axagemun nayr CCCP 
1961, Tom 137, Ne 4 


PH3HONOLTH A | 


tO. C. YEUYJINH 


BASOMOTOPHASA AKTHBHOCTb COCYJOB CEPA 
MW EE HAPYWEHHA 


(I1pedcmaeaeno axademuxom H. H. AxuaKxoeoim 28 X 1960) 


CepfeuHble M nepHcdpepuyeckve COCYbI CHOCOOHbI AKTHBHO, CAMOCTOATEJIbHO | 
pUTMMYECKK COKpalilaTbex. Purmuyeckue cCOKpamlleHHaA cocyoB HaOsmoasHch 
KaK Ha H30JIMpOBaHHbIX OpraHax, TaK HM B WesIOM OPraHH3me y XKHBOTHBIX Vi Ye- | 
jlopeKa. OHH OTMEYEHLI He TOJbKO Y apTepHi, HO TaKxKe y BeH M KalMJIAPOB, | 
KopouapHble COcybI H301MpOBaHHOrO Cepflla YesOBeKa He TepsAIOT CMOCOOHOCTH | 
K CAMOCTOATEJIbHBIM TepHOMM4eCKUM VM3MeHeCHHAM TOHYyCa flake CIyCTA ueT- | 
BepO CYTOK TOCMe CMeEDTW (yoy oo uae ys a | 

Ba3oMOTopHad aKTHBHOCTb IPH pa3sJIHUHbIX NMaTOJIOrHYeCKHX COCTOAHUAX F 
y ueoBeKa M XKHBOTHBIX MOUTH He M3y4yeHa. OcoOplii MHTepec MpeAcTaBaeT fF 
ee H3y4eHHe MPH KOPOHAPHOH HEMOCTATOUHOCTH, BOSHHKHOBeHHe KOTOPOM, Kak 
yka3biBaeT px, aptopos ((°, °, ®, 1%, 18) w ap.), wacTo ObiBaeT BLISBaHO Hap ylte- 
HH€M TOHYCa BeHeYHBIX COCYJOB MU MOBbILMeHHOM HaKJIOHHOCTbIO HX K CMacTHy4e- § 
CKHM peaKUHAM. B CBA3H C 3THM MBI NpOBeH UcceqOBaHHe TOHyca COCY/OB f 
cepa ueIOBeKa pH KOPpOHapHOH HeOcTaTOUHOCTH (cTeHOKapwuA, HHapKT 
MMOKapa) HW pAe Apyrux 3a60neBaHNi, He CBA3SAHHBIX C MOpaxKeHHemM Cepjeu- 
HO-COCYJIMCTOM CHCTeMBI, a TaKxKe IPH IKCMEPHMeHTAIbHOM HHPapKTe MMOKapsa | 
y co6ak. 

B jlaHHom padote ucnomb30BaH MaTepuas 189 onbitos: 157 cepzel yMepmuiux f 
juofe u 32 cepfila co6ak, H307HpoBaHHbIe m0 Metogy A. A. Kyas6xo. Cepana | 
B3POCIbIX Mose (141) npHHatnexanM MOLAM, YMepIUMM OT pa3JIMYHbIX NpPH- f 
YHH: M€XaHHyecKOH TpaBMbI (59), runepToHHyecKkoH Goe3sHH (8), rpyAHOK apr} 
(25), uncbapKTa MHOKapfa (21), pa3mH4HEIX COMaTH4¥eCKHX 3a601eBaHHH, He| 
CBASAHHBIX C MopaxkeHHeM cepfleyHO-cocyfucToH cucTempl (23). Cepgual 
9MOpHOHOB Hu JleTeH (16) Opanucb y noru6mMx OT accbukcuH mpH posax M MHEB-f 
MOHHH. SHauHTesbHad uacTb (151 u3 157) onbIToB Ha yemOBeyecKHX Cepsax} 
MIpOBeeHa B epHoy BpemeHH OT 3 yac. 40 muH. fo 34 uac. noce cmepTu. OnbiTst} 
Ha cOOaKax CTaBHJIMCb Ha CepiaxX C HHTAKTHbIM MHOKapzoM (12 onpiTos) u ch 
9KCIePpUMeHTAJIbHbIM HHapKTOM cepylewHol mpm (20 onbITOB), BbIgBAHHOM] 
NepeBASKOH HUCXOAAMeH BeETBH JIeBO BeHeUHOH apTepuu. DyHKUMOHaTbHOe) 
COCTOAHHE KOPOHAPHbIX COCYJOB H3O0JIMpOBaHHOTO Cepyila yeoBeKa H COOaKH{ 
W3y4alOCb MO paHee OMHMCaHHOM Hamu MeToguKe (14, 1), 

B HaliMx OnmblTaxX CaMOCTOATeIbHBIe COKpalleHHuA KOPOHAapHbIX cocysoB) 
ObLIM OTMeyeHEI Ha Bcex 157 cepmuax mogel u 32 cepmuax co6ak. Han6ouee} 
OTYCTJIMBO CAMOCTOATEJIbHbIe PHTMHYeCKHe KoONeOaHHA COCYANCTOH CTeHKU} 
HaOoqarorca pH TeMnepaType muTaTewbHOH wxHAKOcTH +37+1° uw aBue-] 
Huu 80-20 mm pr. cr. Ha camocTosTenbubie KONeOaHUA TOHYCa BeHeUHbIX 
COCyAOB OKasbiBaIM BJHAHHe (apMakOsOorMyuecKHe BeujecTBa. Han6ovlee BBI-} 
PaxKeHHbI€ TOHHYeCKHE COKpallleHHA COCyAHCTOM CTeHKH HaGsmOAaIMCb MpH nep-| | 


} 
| 


| 
| 


(y3uu CTpoanTuna H B MeHbIeli Mepe — HUTPormMuepnHa u alonusuza. Bansa-) 
He SyuJIMHA B OOAUIMHCTBE OMLITOB BbIPaKaOch B OCNaGMeHHH CaMocTOs-| 
TeJIbHBIX COCYAMCTHIX COKpalleHui (puc. 1). | 

Hapany c Oo1bWIMMH HHAMBYLYaIbHBIMM OCObeHHOCTAMM CaMOCTOATEJIbHBIE} 
KOleOaHHA COCyAuCTOrO TOHYCa MMe psa, OOMLMX MpPu3sHaKOB (ammIuTya,} 
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wu II] 2—10 mun, B rpaduyeckom 
_cokpamjenus I tuna umen dop- 


_ HyCOMMOMOMOOHEIX KoleOaHun, 


-yacToTa HW (popMa), NOSBOJIAIONIMX YCIOBHO pa3feNHTb UX Ha TpH Tuna. Ko- 
| JeOaHuA COcyMcTOrO TOHYyca ObIJIM 3HaYHTeNbHO BbLIPawKeHb! mpu I Tune u Me- 
_ nee — pu II u III. Ilpu I tune 3a Bpema ognoro camoctosTembHOrO KOmeba- 
_ HAA COCyJMcTOrO TOHYyca KOpOHapHbIii OTTOK u3MeHsAIcA OT 30 fo 110 ma, mpu 
| II — or 10 go 30 ma wu npu III — 

oT 2 70 10 ma. Bpems’ ognoro ca- Onoim 154 


MOCTOATeIbHOTO §=©coKparmenusa | 
Tuna paBHasoch 1—1,5, II] 1,5—5 


HW300paxKeHuH  caMOCTOATeJbHBIe 


MY MHOroa3HbEIX PHTMHUHbIX CH- 


10 15MUH 


0 
Onoim 106 


I] — apvtmMnyHpix mouMMopdHblx. 
Ha kpwepx, oTHocamxcsa K III ee 
Tuy, OTMeyaIHcb Kak pHTMU4- 
Hble, TaK MW apHTMHYHbIe MOuH- 
MOpHBIe KONeOaHHA; HHOTa KO- 
JeOaHHA TOHYCa MOTI OTCYTCT- 
BOBaTb (pHc. 2). 

CaMOCcTOATeJIbHbIe + H3MeHeEHH SI 
cocyqucToro ToHyca HaGOLasIucb 
Ha cepawax mogen pa3iMuHOro 
Bospacta (oT 28 Héfetb BHYTpPH- 
yTpoOHOH »%KHu3HH fo 83 weT) 
CMYCTA pa3JIM4Hble CpOKH, pO- Hay 
meine ¢ MOMeHTa cMepTuH (oT 3 190 
yac. 40 mun. 20 65 uac.). Hacepz- 


vies 


~ Humpoenuuepur 1-10 


Onoim 182 
KOH nepuod 


WaX B3poOcsbIX suOMe OTMeUeHDI 170 
BCe THMbI KOJeOaHHH, Ha cepsAilax 150 7 
SMOpHOHOB HM jleTeli ToubKO II u 0 10 20 Iimun 3% 


IIT tunbt. Bpeway” mpouremmuee Puc. 1. Bauanne cbapmako 

4 ay MAKOJIOPHYeCKHX BelleCcTB Ha 
MOCe CMEPTH 2O MOCTAHOBKH OMbI- — camocrosTenbHble KOe6aHHA TOHYCa KOPOHApHEIX 
Ta, B HCCJIeEMOBAHHBIX IJIPCeJlaX  cocyfop cepgzua yvenopeka. U—o6bem mutatTesbHoli 


-3aAMCTHBIM o6pa30m He OTPaxKaJIOCb %*KHAKOCTH, mpomemmeH uepes cocyfb cepyzua. 


Ha COCTOAHHM Ba3OMOTOPHOM aK- Bpema jlelicTBHa” BelllecTBa OTMe4eHO CTpesKamMu 


THBHOCTH KOPOHApHbIX COCy/OB. 
BasoMoTopHad aKTHBHOCTbh KOPOHApPHbIX COCYJIOB Cepsllla, CHJIbHO H3MeHeH- 
HbIX ATePOCKJIEpOTHYeCKHM MIpPOleccOM, OblIa HeECKOJIbKO MHTeCHCHBHee, 4eM 
WHTAKTHBIX COCYJOB WH cocyloB co cma6o BbIpaxKeHHbIM aTepocksepoTuye- 
CKMM —pomeccoM. Tak, pH MHTAKTHbIX KOpOHapHBIX Cocyax HM cma6om n0- 
paxKeHHH HX aTepocKsepOTH4eCKHM NMpoOWeccoM Yale HaGmoganca II Tun ca- 
MOCTOATeEJIBHBIX KOJIeGaHH CocyluCcToro TOHYyCca, a pH yMepeHHOM HM pe3KO 
BbIPaxKCHHOM KOpOHapoaTepocksiepose — III Tun. 

YcTaHoBseHoO, UYTO C YCHJIeHHeM Ba3OMOTOPHOH aKTHBHOCTH KOpOHapHbIX 
COCYHOB KOJIMYeCTBO MHTATeIbHOM XXHKOCTH, MmpOTeKalolleH uepes cocysH- 
cTy1o CucTeMy cepa B eMHMILy BpeMeHH, YBeM4MBaeTCH: 


THUbl CaMOCTOATeEIbHbIX KOeEOaHH cocymucToro TOHyCca 


I Il Ill 

Uncno Ha6monenuit 62 60 19 

CpeyqHee KONMYeCTBO NHTATebHOH *KUAKOCTH, 
MpOxoAaileH uepe3 KOpoHapHble cocy/b, Mi/MHuH 224412 1618 10945 


HM3meneHua TOHYCa C OOJbUIOH AMMIMTYAOH HM YaCTOTOH OObIHHO HaGuOsa- 
JIMCb Y BSpOCJbIX NOMeH, MOrMOWIMX OT rHmepTOHHYeCKON OolesHH, OT ocTpo 
KOPOHAapHOM HesOcTaTOUHOCTH (cTeHOKapAHH) A MudapKTa MMOKapja B MO- 
OcTpOH CTalMH, a TakxKe y JOjeH, yMepwIHx OT Apyrvx NpHYHH pH HaM4uHH 
CHJIBHBIX aTepOCKJIepOTHYeCKHX W3MeHeHHH B COCyAHCTOH cTeHKe. [loqoOunIe 
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KONeOAHUA TOHYCa 3HaYMTebHO pexke OTMCYEHBI y BSPOCJIbIX JOMeH C HHTAKT- 
HbIMH BeHeUHBIMM COCyaMH, YMePeHHbIM aTepOckJIepO30M, a TaK2%Ke y YMEP- 
IIMX B OCTpOl CTaluH wHapKTa MHOKapsa. OHM COBCeM OTCYTCTBOBAIIH Y ye1o- 
BeyeCKUx 9MOpHOHOB u peTei. Brictpoe KomeOaHHe TOHyCa He HaOMOMaOcb y 
co6ak C WHTA@KTHBIM MHOKapfoM HM B OCTpOM MepHose SKCMepHMeHTa/IBHOrO 
uHpapKTa, B TO BpeMA KaK OHM OOHAPy2KUBaJIMCh B MOMOCTPOM ero CTAanHH. 


Mn I mun 


MI? Koum. nepuad 
Wa 


210 HUMPOENIGEPUR 


190 3:10 


eee 
ee Ua 


220 170'- 

200 ee ee Ny] 7 150; 

ian 4 a 

 meeieton 130 Ales eee RETR 

run a Sypunnuy 510% Konmnepuod 
MI If mun x 90 us pee ay Se " ian 
soe |G 
i gt 

eee OOM Seay 4 in 

0 10 20 30 40 = SOMun ; 
Puc. 2. THmbl CaMOcTOATeIbHEIX KOJeOaHHii Puc. 3. BauaHe dapMakouloruuecKHx pa3- 
TOHYCa KOPOHapHBbIX COCYOB cepfila 4elo- ApaxkuTelleH Ha TOHYC H MpocBeT KOpOHap- 
Beka. J THM: cepyue uenoBeKa 62 Jer, n0- HBIX cocygoB. Onnir 134: cepaue seloBeKa 
rHOwero OT rHnepTOHHYeCKOH OoesHH, KOpo- 59 vleT, orH6uiero oT YepenHOMOsroBO! 
HapHble COCYIbI Ha OOJbIIOM NpOTAKeHHU TPaBMb!; IPH HaJHUHH cia6O BbIPaKeHHOrO 
CTeHO3HPOBaHBl aTepOcKJlepOTHYeCKHMH KOpOHapOaTepocksleposa, SYHJIJIHH B Teue- — 
OAWIKaMH,; C MOMCHTa CMepTH Mpoulto 5 HHe | MHH. BbISBadl peskoe cyKeHHe COCYOB 
uac. I] Tum: cepaue uenopexa 55 set, m0- H COKpaileHvHe KOpoHapHoro oTToKa C 400 20 
rHOwierO B COCTOAHHH MpucTyna rpyAHOH 55 ma (—86,3%). Onprr 123: cepaue ueso- 
*KaObl; pe38KHH KOpOHapoaTepockJepo3; Cc Beka 70 JeT, norH6miero OT MHOXKECTBEHHBIX 
MOMeHTA CMepTH TIpoimto 23 uaca. JJ] Tun: TPaBMaTHUeCKHX MOBpexeHHi KocTeli w 
cepue YeroBeka 80 eT, norMOilero OT HH- OpraHOB Tela, C pe3KO BbIpaxKeHHbIM KOpo- 
cbapkTa MHOKapjla; C MOMeHTa «HH(apuHpo- HapOaTepOcKJIepO30M; BeHeuHble COCYAbI NOM 
BaHHA» mpouwio 6 cyTOK; nepemHAA HHCXO- BJIHAHHEM HHTPOrIMuepHHa pacClIHPHVIHCh,. 
Alaa apTepHA pe3kO cy?KeHa aTepockue- KOPpOHapHHIM OTTOK yBemHuNcA co 120 
POTHYUeCKHMH OVJIAIIKaMH; C MOMeHTa CMep- no 276 ma (+ 230%) 


| TH mpouwio 16 yac. 50 Muu. 


OrmeyenHbii XapakTep koOneOaHHli cocyfqucToro TOHyca npH pa3sHUHbIX 
MaTOMOrMyecKHX COCTOAHMAX OpraHH3Ma MO3BOAeT BbICKA3aTb mpesnomOKe- 
HHe, UTO pH CTCHOSMPyIollleM aTepocKyIepo3se, TPpOMOO3e OCHOBHEIX CTBOJIOB 
KOPOHapHBIX apTePHH YCHJIMBalOTCA PHTMMYeCKHe KOeOaHuaA TOoHyca MeHee 
M3MCHCHHBIX MeJIKHX apTepHi, apTepHOwl M BeH pa3mM4YHOTO KamMOpa. STO ycu- 
JIGHHe Ba3OMOTOPHOM aKTHBHOCTH KOPOHAPHEIX cOcyOB, conpoBomaiomleeca 
YBeJIM4YeHHeM KOJIMYeCCTBA MpOTeKalolel vepes HHX MHTATebHOH w2xKHAKOCTU 
B YyCJOBHAX WesoroO OpraHH3Ma, N0-BUMMOMY, MOXKeT paccMaTpHBaTBCA KaK 
KOMMeHCaTOpHand peakIMA, HampaBeHHad Ha yJyUeHHe KpoBOcHaOKeHUA 
MHOKapyla B YCJIOBHAX HapyileHHOrO KOpOHapHOrO KpoBooOpalienus. 

Koponapubie cocymbl cepa uenopeKa uM cO6aKH OGsala‘oT CBOLCTBOM OBI- 
CTpO pearHpoBaTb Ha Pa3sHUHOTO pOfla pasipaxKUTeIH 3HAUHTeNbHEIM H3Me- 
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| HEHMeM TOHYCa M npocBeTa. B OTJeMbHBIX OMbITAX TOHYC KOPOHApPHBIX COCYyI0B 
| S3HAYMTeIbHO KOseOasICA KaK IPH Mepy3Hu NHTaTeMbHOL 2XUAKOCTH, TaK H Tipu 
| AoOaBNeHHH K He cbapMakovloruyeckUX BemlecTB. KoponapHbili OTTOK B page 
| SKCII€PHMeHTOB 3a O4€Hb KOPOTKHH NpOMexKyTOK BpemMeHH (1—3 muH.) n3Me- 
HAJICA Oonee uem B 7 paz (puc. 3). 
B WesOM OpraH3Me CEOMCTBO BeHEYHBIX COCyOB ObICTPpO U3MeHATH TOHYC 
H MpOCBeT Of BO3JeHCTBHeM pa3/IMYHOTO POfa pasqpaxuTenel MOxKeT UMETH 
3HaveHHe TPH ajlanTauHH KOpOHapHOrO KpoBOOOpallleHHA K YCOBUAM, Tpeby10- 
| UMM YCHJICHHA KPOBOCHaOwKeHHA MHOKapya. IIpH usMeHeHHOM peakTHBHOCTH 
| KOPOHapHBIX COCYOB, BbISBaHHOM PasJIMYHbIMH maTOJIOrHYeCKHMH NpoleccaMH 
(aTepockepos, THMOKCHA, HeEKpOS MHOKapyla H Jp.) 9TH 2%e ycnOBuA MoryT 
BbISBaATh HE KOMII€HCATOPHOe paciIMpeHHve COcyMCTOrTO pycia, a pesKuli ero 
' Cia3M C TOCeLyOulMM yXyflueHHeM KpoOBOOOpalleHHA B MMOKapme. OnbiTHl, 
- MOKA3bIBaIOUIHe CHOCOOHOCTh COCYOB OBICTpO H 3HAYHTebHO H3MCHATb TOHYC 
|W mpocBeT MOA BJIMAHHeEM pa3JIMUHbIX pasipaxKuTeel, JeMOHCTPUpyIOT OKH 
43 M€XaHH3MOB BOSHUKHOBeHHA KOPOHApHOM HeOcTaTOUHOCTH yHKIMOHaTb- 
Horo aHTMocmacTHuecKoro NOpsALKa. 


| ‘ Tlocrynusio 
25 X 1960 
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